SUBSTRATE TREATMENT METHOD AND 
SUBSTRATE TREATMENT APPARATUS 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

The present invention relates to a substrate 
treatment method and a substrate treatment apparatus for 
treating a substrate (particularly, treating a substrate 
with a treatment fluid such as a treatment liquid) while 

10 rotating the substrate. Examples of the substrate to be 
treated include various types of substrates such as 
semiconductor wafers, glass substrates for liquid crystal 
display devices, glass substrates for plasma displaypanels, 
substrates for optical disks, substrates for magnetic disks, 

15 substrates for magneto-optical disks and substrates for 
photo-masks . 

Description of Related Arts 

In the production of a semiconductor device, an 
etching process is often performed, after a thin metal film 

20 such as a thin copper film is formed on the entire front 
surface and peripheral surface (and the entire rear surface 
in some case) of a semiconductor substrate (hereinafter 
referredto simply as M wafer w ) , for etching away unnecessary 
portions of the thinmetal film. For example, a thin copper 

25 film for wiringismerelyrequiredtobe provided inadevice 
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formation region on the front surface of the wafer, so that 
portions of the copper thin film present on a peripheral 
edge portion of the front surface of the wafer (having a 
width of about 5 mm as measured from the peripheral edge 
5 of the wafer) and the peripheral surface and rear surface 
of the wafer are unnecessary. In addition, metallic or 
ionic copper deposited on the peripheral edge portion, the 
rear surface and the peripheral surface is likely to 
contaminate a hand of a substrate transport robot provided 

10 in a substrate treatment apparatus, and the contamination 
may be transferred to another substrate held by the hand. 

Similarly, a non-metallic film (such as an oxide 
film or a nitride film) formed on the peripheral surface 
of the substrate is thinly etched for removal of metal 

15 contaminants (including metal ions) from the surface. 

A typical substrate periphery treatment apparatus 
for selectively etching away portions of a thin film from 
the peripheral edge portion and peripheral surface of a 
wafer includes, for example, a spin chuck for rotating the 

20 wafer while horizontally holding the wafer, a shield plate 
provided above the spin chuck for limiting a space above 
the wafer, and an etching liquid supply nozzle for supplying 
an etching liquid to a lower surface of the wafer. The 
etching liquid supplied to the lower surface of the wafer 

25 flows over the lower surface of the wafer radially outwardly 
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from a rotation center by a centrifugal force, and further 
flows over the peripheral surface of the wafer onto an upper 
surface of the wafer, whereby unnecessary substances are 
etched away from the peripheral edge portion of the upper 
5 surface of the wafer. At this time, the shield plate is 
located adjacent the upper surface of the wafer, and an 
inert gas such as nitrogen gas is supplied to the space 
between the shield plate and the wafer. 

The amount of the etching liquid flowing onto the 

10 upper surface can be controlled by properly adjusting the 
flow rate of the inert gas and the rotation speed of the 
spin chuck, so that a peripheral edge portion of the upper 
surface of the wafer having a predetermined width (e.g., 
1 to 7 mm) can selectively be sub j ected to the etching process 

15 (so-called bevel etching process). 

The spin chuck includes a vertical rotary shaft, 
a spin base fixed to an upper end of the rotary shaft, and 
three chuck pins provided upright on a peripheral edge 
portion of the spinbase. Atorque is appl ied to the rotary 

20 shaft with the peripheral surface of the wafer clamped by 
the chuck pins, whereby the wafer is rotated together with 
the spin base. 

During the rotation of the wafer held by the spin 
chuck, the unnecessary substances are etched away from the 

25 peripheral edge portion of the upper surface of the wafer 
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by supplying the etching liquid to the lower surface of 
the wafer. After the upper and lower surfaces of the wafer 
are rinsed with deionized water, the spin chuck is rotated 
at a high speed to spin off water droplets from the upper 
5 and lower surfaces of the wafer for drying the wafer. 

With this arrangement, however, the wafer is 
constantly clamped by the chuck pins, so that portions of 
the peripheral surface of the wafer kept in abutment against 
the chuck pins are liable to suffer from a treatment failure 

10 such as insufficient etching, insufficient rinsing or 
insufficient drying. 

One approach to this problem is to once stop the 
rotation of the spin chuck during the treatment, then change 
wafer clamping positions and resume the rotation of the 

15 spin chuck. However, this approach is disadvantageous 
because the treatment time per wafer is prolonged and the 
productivity is drastically reduced. 

Another conventional approach is disclosed in 
Japanese Unexamined Patent Publication No. 2001-118824, 

20 in which the wafer clamping positions are changed without 
stopping the rotation of the spin chuck by completely or 
slightly releasing the wafer from the chuck pins to 
relatively rotate (or slide) the wafer with respect to the 
spin chuck and then clamping the wafer again by the chuck 

25 pins during the rotation of the spin chuck. 
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In this conventional approach, however, the wafer 
is kept in sliding contact with the chuck pins of the spin 
chuck, because the wafer clamping positions are changed 
by sliding the wafer on the spin chuck. This results in 
5 generation of particles. 

In the conventional approach described above, an 
air cylinder and a link mechanism are incorporated in the 
spin base for driving the chuck pins, and compressed air 
is supplied for driving the spin base. This complicates 

10 the construction of the apparatus, making the wafer 

clamping/unclamping motions of the chuck pins unstable. 

With the aforesaid arrangement, the chuck pins are 
kept in sliding contact with the peripheral surface of the 
wafer during the relative rotation of the wafer with respect 

15 to the spin chuck, so that the chuck pins are abraded. 

Further, the degree of the relative rotation of the 
wafer with respect to the spin chuck cannot accurately be 
controlled, so that the rotational position of the wafer 
cannot be controlled. 

20 When the wafer is undamped from the chuck pins during 

the treatment, a minute spacing between the wafer and the 
shield plate cannot be kept constant. This makes it 
impossible to accurately control the amount of the etching 
liquid flowing onto the front surface from the rear surface 

25 of the wafer. 
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SUMMARY OF THE INVENTION 

It is one object of the present invention to provide 
a substrate treatment apparatus and a substrate treatment 
method, wherein substrate clamping positions can be changed 
5 during rotation of a substrate. 

It is another object of the present invention to 
provide a substrate treatment method and a substrate 
treatment apparatus, wherein substrate clamping positions 
can be changed during rotation of a substrate and generation 
10 of particles can be suppressed so that the substrate can 
properly be treated. 

It is further another object of thepresent invention 
to provide a substrate treatment apparatus and a substrate 
treatment method, wherein substrate clamping positions can 
15 be changed during rotation of a substrate so that the 
substrate can properly be treated without reduction in 
productivity . 

It is still another object of the present invention 
to provide a substrate treatment apparatus and a substrate 
20 treatment method, wherein a substrate can be clamped and 
undamped by clamping members during rotation of the 
substrate with a simplified construction. 

It is further another objectof thepresent invention 
to provide a substrate treatment apparatus and a substrate 
2 5 treatment method, wherein an operation mode can be switched 
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between a mode in which clamping members are kept in a 
substrate clamping/unclamping state and a mode in which 
the clamping members are kept in a substrate clamping state 
or in a substrate unclamping state. 
5 It is still another object of the present invention 

to provide a substrate treatment apparatus and a substrate 
treatment method, wherein abrasion of a component can be 
suppressed and a high-quality substrate treatment can be 
achieved by rotating a substrate while stably holding the 

10 substrate. 

It is further another objectofthe present invention 
to provide a substrate treatment apparatus and a substrate 
treatment method, wherein the rotational position of a 
substrate can easily be controlled. 

15 It is still another object of the present invention 

to provide a substrate treatment apparatus and a substrate 
treatment method, wherein a peripheral edge portion of a 
substrate can properly be treated. 

It is further another objectofthe present invention 

20 to provide a substrate treatment apparatus and a substrate 
treatment method, wherein a substrate can constantly stably 
be held during a substrate treatment. 

According to one aspect of the present invention, 
there is provided a substrate treatment method for treating 

25 a substrate by supplying a treatment liquid to the substrate 
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while rotating the substrate, the method comprising the 
steps of: performing a first substrate rotation process 
for rotating the substrate while clamping the substrate 
by a first clamping member set including at least two 
5 clamping members; performing a second substrate rotation 
process after the first substrate rotation step for rotating 
the substrate while clamping the substrate by the first 
clamping member set and a second clamping member set 
provided separately from the first clamping member set and 

10 including at least two clamping members; and performing 
a third substrate rotation process after the second 
substrate rotation step by unclamping the substrate from 
the first clamping member set for rotating the substrate 
while clamping the substrate by the second clamping member 

15 set . 

In this method, a substrate clamping state can be 
once switched from a first clamping state where the 
substrate is clamped by the first clamping member set and 
undamped by the second clamping member set to an 

20 intermediate state where the substrate is clamped by the 
first and second clamping member sets, and then to a second 
clamping state where the substrate is clamped by the second 
clamping member set and undamped by the first clamping 
member set while the substrate is continuously rotated. 

25 Thus, substrate clamping positions can be changed even 
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during the rotation of the substrate. 

With this arrangement, the entire surface of the 
substrate canproperlybe treated with the treatment liquid. 
In addition, there is no need to stop the rotation of the 
5 substrate for changing the substrate clamping positions, 
thereby preventing the reduction in productivity. 

Further, the substrate is unlikely to be brought 
into sliding contact with the clamping members, so that 
the generation of particles can be suppressed. Thus, the 

10 substrate treatment can properly be performed. 

Particularly, when the substrate clamping state is 
switched from the first clamping state to the second 
clamping state, the substrate is once clamped by both the 
first clamping member set and the second clamping member 

15 set in the intermediate state. Therefore, the substrate 
is constantly clamped by either or both of the first and 
second clamping member sets during the rotation of the 
substrate. Hence, the substrate is unlikely to be slid 
even during the switching from the first clamping state 

20 to the second clamping state, whereby the generation of 
particles can assuredly be suppressed. 

The first clamping member set preferably includes 
at least three substrate clamp pins (e.g., abutment port ions 
96, A, B of clamping members Fl to F3 in embodiments to 

25 be described later) . The second clamping member set 
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preferably includes at least three substrate clamp pins 
(e.g., abutment portions 96, C, D of clamping members SI 
to S3 in the embodiments to be described later) . 

In this case, the substrate clamp pins each have 
5 a smaller contact area with respect to the substrate for 
proper treatment of a peripheral edge portion of the 
substrate. Since the at least three clamp pins are employed, 
the substrate can assuredly be held. 

The method preferably further comprises the step 

10 of supplying the treatment liquid to a surface of the 
substrate being rotated at least in the first substrate 
rotation step and the third substrate rotation step. The 
substrate is clamped at different substrate clamping 
positions in the first substrate rotation step and in the 

15 third substrate rotation step. Therefore, the entire 
surface of the substrate can be treated with the treatment 
liquid . 

The treatment liquid supply step preferably 
comprises the step of supplying an etching liquid for 

20 etching away an unnecessary substance from the peripheral 
edge portion of the substrate. This makes it possible to 
perform a process for removing the unnecessary substance 
from the peripheral edge portion of the substrate. Since 
the substrate is clamped at different substrate clamping 

25 positions in the first substrate rotation step and in the 
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third substrate rotation step as described above, the entire 
peripheral edge portion of the substrate can properly be 
treated . 

Examples of the process for removing the unnecessary 
5 substance from the peripheral edge portion of the substrate 
include a process for etching away an unnecessary thin film 
from the peripheral edge portion of the substrate (so-called 
bevel etching process) and a process for removing unwanted 
particles or metal contaminants from the peripheral edge 

10 portion of the substrate (so-call bevel cleaning process) . 

The method may further comprise the step of supplying 
the treatment liquid to the substrate prior to the first 
substrate rotation step. In this case, the treatment 
liquid is not supplied to the substrate during any of the 

15 first substrate rotation step, the second substrate 

rotation step and the third substrate rotation step, but 
a drying process may be performed by spinning off the 
treatment liquid by the rotation of the substrate. The 
substrate is clamped at different substrate clamping 

20 positions in the first substrate rotation step and in the 
third substrate rotation step. Therefore, the entire 
surface of the substrate can properly be dried without the 
treatment liquid remaining at the substrate clamping 
positions . 

25 The clamping members of at least one of the first 
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clamping member set and the second clamping member set may 
each have at least two abutment portions which are 
selectively brought into abutment against the substrate. 
In this case, the method preferably further comprises the 
5 step of switchably bringing the at least two abutment 
portions into abutment against the substrate. Since the 
clamping members each have the at least two abutment 
portions, the substrate is clamped switchably at least at 
two different substrate abutting positions by each of the 
10 clamping members. That is, the substrate abutting 

positions can be changed by driving the clamping members 
to switchably bring the abutment portions into abutment 
against the substrate in the abutment portion switching 
step . 

15 Therefore, the first and second clamping member sets 

can change the substrate abutting positions in at least 
three ways for clamping the substrate by employing two 
driving mechanisms respectively provided for driving the 
first and second clamping member sets. As a result, the 

20 substrate abutting positions are each covered with the 
corresponding abutment portions only for a limited period, 
so that the total substrate treatment periodcanbereduced. 

More specifically, it is herein assumed that the 
treatment liquid should be supplied to the entire peripheral 

25 edge portion of the substrate for at least 60 seconds. 
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Where the clamping member sets can change the substrate 
abutting positions only in two ways, it is impossible to 
reduce the treatment period to shorter than 120 seconds 
because the treatment liquid should be supplied to each 
5 of the substrate abutting positions for 60 seconds. On 
the contrary, where the clamping member sets can change 
the substrate abutting posit ions in four ways, for example, 
it is merely necessary to clamp the substrate in each of 
the four ways for 20 seconds so as to supply the treatment 

10 liquid to each of the substrate abutting positions for 60 
seconds in total. That is, the treatment period can be 
reduced to about 80 seconds. 

The first clamping member set may include three 
clamping members each having a first abutment portion and 

15 a second abutment portion which are selectively brought 
into abutment against the substrate, and the second clamping 
member set may include three clamping members each having 
a third abutment portion which is brought into abutment 
against the substrate. In this case, the first substrate 

20 rotation step preferably comprises the step of bringing 
the first abutment portions of the three clamping members 
of the first clamping member set into abutment against the 
substrate for clamping the substrate. The second 
substrate rotation step preferably comprises the step of 

25 bringing the third abutment portions of the three clamping 



members of the second clamping member set into abutment 
against the substrate with the first abutment portions of 
the three clamping members of the first clamping member 
set kept in abutment against the substrate. The third 
5 substrate rotation step preferably comprises the step of 
retracting the first abutment portions of the three clamping 
members of the first clamping member set from the substrate. 
The method preferably further comprises the steps of: 
performing a fourth substrate rotation process after the 

10 third substrate rotation step by bringing the second 
abutment portions of the three clamping members of the first 
clamping member set into abutment against the substrate 
with the third abutment portions of the three clamping 
members of the second clamping member set kept in abutment 

15 against the substrate for rotating the substrate while 
clamping the substrate by the first and second clamping 
member sets; and performing a fifth substrate rotation 
process after the fourth substrate rotation step by 
retracting the third abutment portions of the three clamping 

2 0 members of the second clamping member set from the substrate 
to unclamp the substrate from the second clamping member 
set for rotating the substrate while clamping the substrate 
by the first substrate clamping member set. 

In the first substrate rotation step, the substrate 

25 is rotated while being stably clamped by the three first 
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abutment portions. In the second substrate rotation step, 
the substrate is rotated while being stably clamped by a 
total of six abutment portions, i.e., the three first 
abutment portions and the three third abutment portions* 
5 In the third substrate rotation step, the substrate is 
rotated while being stably clamped by the three third 
abutment portions. In the fourth substrate rotation step, 
the substrate is rotated while being stably clamped by a 
total of six abutment portions, i.e., the three second 

10 abutment portions and the three third abutment portions. 
In the fifth substrate rotation step, the substrate is 
rotated while being stably clamped by the three second 
abutment portions. Thus, the substrate clamping state is 
once switched from a state where the substrate is clamped 

15 by the three first abutment portions to an intermediate 
state where the substrate is clamped by the six abutment 
portions including the three first abutment portions and 
the three third abutment portions, and then to a state where 
the substrate is clamped by the three third abutment 

20 portions. Then, the substrate clamping state is further 
switched to an intermediate state where the substrate is 
clamped by the three third abutment portions and the three 
second abutment portions, and then to a state where the 
substrate is clamped by the three second abutment portions . 

25 The three clamping members of the second clamping 
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member set may each have the third abutment portion and 
a fourth abutment portion which are selectively brought 
into abutment against the substrate. In this case, the 
method preferably further comprises the steps of: 
5 performing a sixth substrate rotation process after the 
fifth substrate rotation step by bringing the fourth 
abutment portions of the three clamping members of the 
second clamping member set into abutment against the 
substrate with the second abutment portions of the three 

10 clamping members of the first clamping member set kept in 
abutment against the substrate for rotating the substrate 
while clamping the substrate by the first and second 
clamping member sets; and performing a seventh substrate 
rotation process after the sixth substrate rotation step 

15 by retracting the second abutment portions of the three 
clamping members of the first clamping member set from the 
substrate to unclamp the substrate from the first clamping 
member set for rotating the substrate while clamping the 
substrate only by the second clamping member set. 

20 In the sixth substrate rotation step of this method, 

the substrate is rotated while being stably clamped by a 
total of six abutment portions, i.e., the three second 
abutment portions and the three fourth abutment portions. 
In the seventh substrate rotation step, the substrate is 

25 rotated while being stably clamped by the three fourth 
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abutment portions. Thus, the substrate clamping state is 
once switched to an intermediate state where the substrate 
is clamped by the three second abutment portions and the 
three fourth abutment portions, and then to a state where 
5 the substrate is clamped by the three fourth abutment 
portions . 

The method may further comprise the steps of: 
performing an eighth substrate rotation process after the 
seventh substrate rotation step by bringing the first 

10 abutment portions of the three clamping members of the first 
clamping member set into abutment against the substrate 
with the fourth abutment portions of the three clamping 
members of the second clamping member set kept in abutment 
against the substrate for rotating the substrate while 

15 clamping the substrate by the first and second clamping 
member sets; and retracting the fourth abutment portions 
of the three clamping members of the second clamping member 
set from the substrate after the eighth substrate rotation 
step and repeating a process sequence starting from the 

20 first substrate rotation step. 

Thus, the substrate clamping state can be once 
switched to an intermediate state where the substrate is 
clamped by the three fourth abutment portions and the three 
first abutment portions, and then back to the state where 

25 the substrate is rotated while being clamped by the three 
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first abutment portions. 

The method preferably comprises the step of 
supplying the treatment liquid to the surface of the 
substrate being rotated at least in the first substrate 
5 rotation step, the third substrate rotation step and the 
fifth substrate rotation step. In the first to fifth 
substrate rotation steps, the substrate clamping posit ions 
are changed, so that the entire surface of the substrate 
can be treated with the treatment liquid. 

10 Further, the method preferably comprises the step 

of supplying the treatment liquid to the surface of the 
substrate being rotated at least in the first substrate 
rotation step, the third substrate rotation step, the fifth 
substrate rotation step and the seventh substrate rotation 

15 step. In the first to seventh substrate rotation steps, 
the substrate clamping positions are changed, so that the 
entire surface of the substrate can be treated with the 
treatment liquid . 

The treatment liquid supply step may comprise the 

20 step of supplying the etching liquid for etching away an 
unnecessary substance from the peripheral edge portion of 
the substrate. Thus, the entire peripheral edge portion 
of the substrate can properly be subjected to the 
unnecessary substance removal process. 

2 5 The method may further comprise the step of supplying 
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the treatment liquid to the substrate prior to the first 
substrate rotation step. In this case, the treatment 
liquid is not supplied to the substrate during any of the 
first to fifth substrate rotation steps, but the drying 
5 process may be performed by spinning off the treatment 
liquid by the rotation of the substrate. 

Alternatively, the method may further comprise the 
step of supplying the treatment liquid to the substrate 
prior to the first substrate rotation step, wherein the 

10 treatment liquid is not supplied to the substrate during 
any of the first to seventh substrate rotation steps, but 
the drying process is performed by spinning off the 
treatment liquid by the rotation of the substrate. 

With these arrangements, the drying process can be 

15 performed while the substrate clamping positions are 

changed. Therefore, the entire surface of the substrate 
can properly be driedwithout the treatment liquid remaining 
at the substrate clamping positions. 

According to another aspect of the present invention, 

20 there is provided a substrate treatment apparatus for 
treating a substrate by supplying a treatment liquid to 
the substrate while rotating the substrate, the apparatus 
comprising: a substrate holding mechanism comprising a 
first clamping member set including at least two clamping 

2 5 members and a second clamping member set provided separately 
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from the first clamping member set and including at least 
two clamping members; a rotative drive mechanism for 
rotating the substrate holding mechanism; a first clamping 
member drive mechanism for driving the first clamping member 
5 set; a second clamping member drive mechanism for driving 
the second clamping member set; and a controller for 
controlling the rotative drive mechanism, the first 
clamping member drive mechanism and the second clamping 
member drive mechanism to perform a first substrate rotation 

10 process for rotating the substrate holding mechanism while 
clamping the substrate by the first clamping member set, 
to perform a second substrate rotation process after the 
first substrate rotation process for rotating the substrate 
holding mechani sm while clamping the substrate by the first 

15 clamping member set and the second clamping member set, 
and to perform a third substrate rotation process after 
the second substrate rotation process by unclamping the 
substrate from the first clamping member set for rotating 
the substrate holding mechanism while clamping the 

20 substrate by the second clamping member set. 

The clamping members of at least one of the first 
clamping member set and the second clamping member set may 
each have at least two abutment portions which are 
selectively brought into abutment against the substrate. 

25 In this case, the controller prefer ablyperforms an abutment 
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portion switching process for switchably bringing the at 
least two abutment portions into abutment against the 
substrate . 

According to further another aspect of the present 
5 invention, there is provided a substrate treatment 

apparatus for treating a substrate by supplying a treatment 
liquid while rotating the substrate, the apparatus 
comprising: a substrate holding mechanism comprising a 
first clamping member set including at least two clamping 

10 members and a second clamping member set provided separately 
from the first clamping member set and including at least 
two clamping members; a rotative drive mechanism for 
rotating the substrate holding mechanism; a first clamping 
member drive mechanism for driving the first cl amp ing member 

15 set; a second clamping member drive mechanism for driving 
the second clamping member set; and a controller for 
independently controlling the first clamping member drive 
mechanism and the second clamping member drive mechanism. 

With this arrangement, the first and second clamping 

20 member sets can independently be operated, so that first, 
second and third substrate rotation processes as described 
above can properly be performed. 

The controller is preferably capable of controlling 
the first clamping member drive mechanism and the second 

25 clamping member drive mechanism so as to clamp the substrate 
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by both the first clamping member set and the second clamping 
member set. With this arrangement, the second substrate 
rotation process described above can properly be performed . 

The substrate holding mechanism may comprise a 
5 rotary member rotatable about a rotary shaft thereof. The 
first clamping member drive mechanism may comprise a first 
non-rotative movable member which is movable parallel to 
the rotary shaft, a first driving mechanism for moving the 
first non-rotative movable member parallel to the rotary 

10 shaft, a first rotative movable member which is movable 
parallel to the rotary shaft in association with movement 
of the first non-rotative movable member by a driving force 
received from the first non-rotative movable member and 
is rotatable together with the rotary member, and a first 

15 movement converting mechanism for converting movement of 
the first rotative movable member into movement of the first 
substrate clamping member set. Further, the second 
clamping member drive mechanism may comprise a second 
non-rotative movable member which is movable parallel to 

20 the rotary shaft, a second driving mechanism for moving 
the second non-rotative movable member parallel to the 
rotary shaft, a second rotative movable member which is 
movable parallel to the rotary shaft in association with 
movement of the second non-rotative movable member by a 

25 driving force received from the second non-rotative movable 
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member and is rotatable together with the rotary member, 
and a second movement converting mechanism for converting 
movement of the second rotative movable member into movement 
of the second substrate clamping member set. 
5 With this arrangement, when the first and second 

non-rotative movable members are respectively moved by the 
first and second driving mechanisms, the first and second 
rotative movable members are respectively moved by the 
driving forces received from the first and second 

10 non-rotative movable members. The movements of the first 
and second rotative movable members are converted into the 
movements of the clamping members for clamping and 
unclamping the substrate. 

That is, the first and second rotative movable 

15 members are rotated together with the rotary member (in 
a rotative state) , while the first and second non-rotative 
movable members are kept still (in a non-rotative state) . 
Therefore, the movements of the first and second rotative 
movable members can respectively be converted into the 

20 movements of the clamping members by the first and second 
movement converting mechanisms without relative rotation 
of the first and second rotative movable members with 
respect to the rotary member even during the rotation of 
the rotary member. 

25 In this manner, the substrate can be completely or 
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slightly released from the clamping members and then clamped 
again by the clamping members even during the rotation of 
the rotary member . Thus, the clamping members can change 
substrate clamping positions even during the rotation of 
5 the substrate. 

At least one of the first non- rotative movable member 
and the first rotative movable member may be configured 
annularly about the rotary shaft. Further, at least one 
of the second non-rotative movable member and the second 

10 rotative movable member may be configured annularly about 
the rotary shaft. 

The substrate treatment apparatus may further 
comprise a first annular bearing as a first driving force 
transmission mechanism for transmitting the driving force 

15 from the first non-rotative movable member to the first 
rotative movable member, the first bearing coupling the 
first non-rotative movable member and the first rotative 
movable member so as to permit relative rotation of the 
first rotative movable member with respect to the first 

20 non-rotative movable member about the rotary shaft. 

The first bearing may have a stationary ring provided 
around the rotary shaft and coupled to the first 
non-rotative movable member, and a rotary ring coupled to 
the first rotative movable member and rotatable relative 

25 to the stationary ring about the rotary shaft. 
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With this arrangement, the first rotative movable 
member can be rotated together with the rotary member (in 
a rotative state) , while the first non-rotative movable 
member is kept still (in a non-rotative state) . 
5 The first driving force transmission mechanism may 

comprise a plurality of first rolling members provided on 
at least one of the first non-rotative movable member and 
the first rotative movable member so as to be rolled on 
a surface of the other movable member. 

10 With this arrangement, the first rotative movable 

member can be rotated together with the rotary member (in 
a rotative state) , while the first non-rotative movable 
member is kept still (in a non-rotative state) . 

The first driving force transmission mechanism may 

15 comprise a first stationary magnet and a first rotary magnet 
respectively provided on the first non-rotative movable 
member and the first rotative movable member with opposed 
poles thereof having the same polarity. 

This arrangement constitutes a so-called magnetic 

20 bearing. Therefore, the fir st rotative movable member can 
be rotated together with the rotary member (in a rotative 
state) , while the first non-rotative movable member is kept 
still (in a non-rotative state) . In addition, the first 
rotative movable member can be supported in a non-contact 

25 manner by magnetic levitation, while the relative rotation 
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of the first rotative movable member with respect to the 
first non-rotative movable member is permitted. 

Further, the first driving force transmission 
mechanism may comprise a first gas supply mechanism for 
5 supplying a gas between the first non-rotative movable 
member and the first rotative movable member so as to keep 
the first non-rotative movable member and the first rotative 
movable member in spaced relation. 

This arrangement constitutes a so-called pneumatic 

10 bearing. Therefore, the fir st rotative movable member can 
be rotated together with the rotary member (in a rotative 
state) , while the first non-rotative movable member is kept 
still (in a non-rotative state) . In addition, the first 
rotative movable member can be supported in a non-contact 

15 manner by pneumatic levitation, while the relative rotation 
of the first rotative movable member with respect to the 
first non-rotative movable member is permitted. 

The substrate treatment apparatus may further 
comprise a second annular bearing as a second driving force 

20 transmission mechanism for transmitting the driving force 
from the second non-rotative movable member to the second 
rotative movable member, the second bearing coupling the 
second non-rotative movable member and the second rotative 
movable member so as to permit relative rotation of the 

25 second rotative movable member with respect to the second 
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non-rotative movable member about the rotary shaft. 

The second bearing may have a stationary ring 
provided around the rotary shaft and coupled to the second 
non-rotative movable member, and a rotary ring coupled to 
5 the second rotative movable member and rotatable relative 
to the stationary ring about the rotary shaft. 

The second driving force transmission mechanism may 
comprise a plurality of second rolling members provided 
on at least one of the second non-rotative movable member 
10 and the second rotative movable member so as to be rolled 
on a surface of the other movable member. 

The second driving force transmission mechanism may 
comprise a second stationary magnet and a second rotary 
magnet respectively provided on the second non-rotative 
15 movable member and the second rotative movable member with 
opposed poles thereof having the same polarity. 

The second driving force transmission mechanism may 
comprise a second gas supply mechanism for supplying a gas 
between the second non-rotative movable member and the 
20 second rotative movable member so as to keep the second 
non- rotative movable member and the second rotative movable 
member in spaced relation. 

The first driving mechanism and the second driving 
mechanism preferably comprise a first driving force source 
25 and a second driving force source, respectively, which are 
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independently controllable. 

With this arrangement, the substrate can be clamped 
switchably by the first clamping member set (first substrate 
clamping mechanism) and by the second clamping member set 
5 (second substrate clamping mechanism) , because the first 
substrate clamping mechanism and the second substrate 
clamping mechanism can independently be operated. 

More specifically, the controller controls the 
first and second driving mechanisms to switch a substrate 

10 clamping state between a first clamping state where the 
substrate is clamped by the clamping members of the first 
substrate clamping mechanism and undamped by the clamping 
members of the second substrate clamping mechanism and a 
second clamping state where the substrate is clamped by 

15 the clamping members of the second substrate clamping 
mechanism and undamped by the clamping members of the first 
substrate clamping mechanism when the rotary member is 
rotated by the rotative drive mechanism. 

This arrangement obviates the need for relatively 

20 rotating (or sliding) the substrate with respect to the 
rotary member when the substrate clamping positions are 
changed. Therefore, the generation of particles can be 
suppressed without sliding contact of the substrate with 
any components of the rotary member. 

25 The controller preferably further controls the 
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first and second driving mechanisms so as to switch the 
substrate clamping state to an intermediate state where 
the substrate is clamped by the clamping members of the 
first substrate clamping mechanism and the clamping members 
5 of the second substrate clamping mechanism when the 

substrate clamping state is switched between the first 
clamping state and the second clamping state. 

With this arrangement, the substrate is once clamped 
by both the first substrate clamping mechanism and the 

10 second substrate clamping mechanism in the intermediate 
state when the substrate clamping state is switched from 
the first clamping state effected by the first substrate 
clamping mechanism to the second clamping state effected 
by the second substrate clamping mechanism. Thus, the 

15 substrate is constantly clamped by some or all of the 
clamping members during the rotation of the rotary member . 
Therefore, the generation of particles due to the sliding 
of the substrate can be suppressed, and the substrate is 
prevented from spinning out when the substrate clamping 

20 state is switched from the first clamping state to the second 
clamping state. 

The apparatus may further comprise a first relative 
rotation restricting mechanism for restricting the 
relative rotation of the first rotative movable member with 

25 respect to the rotary member. The apparatus may further 

\ 
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comprise a second relative rotation restricting mechanism 
for restricting the relative rotation of the second rotative 
movable member with respect to the rotary member . The first 
relative rotation restricting mechanism may comprise a 
5 first guide mechanism which is rotatable together with the 
rotary member and guides the first rotative movable member 
parallel to the rotary shaft. The second relative rotation 
res tricting mechanism may comprise a second guide mechanism 
which is rotatable together with the rotary member and 

10 guides the second rotative movable member parallel to the 
rotary shaft . 

According to still another aspect of the present 
invention, there is provided a substrate treatment 
apparatus, which comprises : a rotary member having a rotary 

15 shaft and a plurality of clamping members which are capable 
of clamping and unclamping a substrate, the rotary member 
being rotatable about the rotary shaft; a rotative drive 
mechanism for applying a torque to the rotary shaft to 
rotatively drive the rotary member; a non-rotative movable 

20 member which is movable parallel to the rotary shaft; a 
driving mechanism for moving the non-rotative movable 
member parallel to the rotary shaft; a rotative movable 
member which is movable parallel to the rotary shaft in 
association with movement of the non-rotative movable 

25 member by a driving force received from the non-rotative 



movable member and is rotatable together with the rotary 
member; a movement converting mechanism for converting 
movement of the rotative movable member into movements of 
the clamping members of the rotary member; and a controller 
for operating the driving mechanism so that the substrate 
is completely or slightly released from the clamping members 
and then clamped again by the clamping members while the 
rotary member is rotated by the rotative drive mechanism. 

With this arrangement, when the non-rotative 
movable member is moved by the driving mechanism, the 
rotative movable member is moved by the driving force 
received from the non-rotative movable member. The 
movement of the rotative movable member is converted into 
the movements of the clamping members for clamping and 
unclamping the substrate. 

That is, the rotative movable member can be rotated 
together with the rotary member ( in a ro t at ive s tate ) , while 
the non-rotative movable member is kept still (in a 
non-rotative state) . Therefore, the movement of the 
rotative movable member can be converted into the movements 
of the clamping member s by the movement convertingmechanism 
without relative rotation of the rotative movable member 
with respect to the rotary member even during the rotation 
of the rotary member. 

In this manner, the substrate can be completely or 
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slightly released from the clamping members and then clamped 
again by the clamping members even during the rotation of 
the rotary member. Thus, the clamping members can change 
substrate clamping positions during the rotation of the 
5 substrate. 

The apparatus may further comprise a relative 
rotation restricting mechanism for restricting the 
relative rotation of the rotative movable member with 
respect to the rotary member. The relative rotation 

10 restricting mechanism may comprise a guide mechanism which 
is rotatable together with the rotary member and guides 
the rotative movable member parallel to the rotary shaft. 

At least one of the non-rotative movable member and 
the rotative movable member may be configured annularly 

15 about the rotary shaft. 

The controller may control the rotative drive 
mechanism to accelerate or decelerate the rotation of the 
rotary member when the substrate is completely or slightly 
released from the clamping members. 

20 With this arrangement, the rotation of the rotary 

member is accelerated or decelerated when the substrate 
is completely or slightly released from the clamping members . 
Therefore, the substrate is inertially rotated relative 
to the rotary member. Thus, the substrate clamping 

25 positions can assuredly be changed. 
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The clamping members may each have a first abutment 
portion and a second abutment portion which are selectively 
brought into abutment against the substrate . In this case, 
the controller preferably operates the driving mechanism 
5 so that the first abutment portion and the second abutment 
portion are switchably brought into abutment against the 
substrate during the rotation of the rotary member. 

With this arrangement, the first abutment portions 
and the second abutment portions of the clamping members 

10 are switchabl y brought into abutment against the substrate 
by operating the driving mechanism, so that the substrate 
can be clamped by either the first abutment portions or 
the second abutment portions. Therefore, the substrate 
clamping positions can be changed by the switching between 

15 thefirst abutment portions and the second abutment portions 
even during the rotation of the substrate. 

The substrate treatment apparatus preferably 
further comprises an annular bearing as a driving force 
transmission mechanism for transmitting the driving force 

20 from the non-rotative movable member to the rotative movable 
member, the bearing coupling the non-rotative movable 
member and the rotative movable member so as to permit 
relative rotation of the rotative movable member with 
respect to the non-rotative movable member about the rotary 

25 shaft. 
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The bearing may comprise a stationary ring provided 
around the rotary shaft and coupled to the non-rotative 
movable member, and a rotary ring coupled to the rotative 
movable member and rotatable relative to the stationary 
5 ring about the rotary shaft. 

With this arrangement, the rotative movable member 
can be rotated together with the rotary member (inarotative 
state) , while the non-rotative movable member is kept still 
(in a non-rotative state) . 
10 The driving force transmission mechanism may 

comprise a plurality of rolling members provided on at least 
one of the non-rotative movable member and the rotative 
movable member so as to be rolled on a surface of the other 
movable member. 
15 With this arrangement, the rotative movable member 

can be rotated together with the rotary member (ina rotative 
state) , while the non-rotative movable member is kept still 
(in a non-rotative state) . 

The driving force transmission mechanism may 
20 comprise a stationary magnet and a rotary magnet 

respectively provided on the non-rotative movable member 
and the rotative movable member with opposed poles thereof 
having the same polarity. 

This arrangement constitutes a so-called magnetic 
25 bearing. Therefore, the rotative movable member can be 
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rotated together with the rotary member (in a rotative 
state) , while the non-rotative movable member is kept still 
(in a non-rotative state). In addition, the rotative 
movable member can be supported in a non-contact manner 
5 by magnetic levitation, while the relative rotation of the 
rotative movable member with respect to the non-rotative 
movable member is permitted. 

Further, the driving force transmission mechanism 
may comprise a gas supply mechanism for supplying a gas 

10 between the non-rotative movable member and the rotative 
movable member so as to keep the non-rotative movable member 
and the rotative movable member in spaced relation. 

This arrangement constitutes a so-called pneumatic 
bearing. Therefore, the rotative movable member can be 

15 rotated together with the rotary member (in a rotative 
state) , while the non-rotative movable member is kept still 
(in a non-rotative state). In addition, the rotative 
movable member can be supported in a non-contact manner 
by pneumatic levitation, while the relative rotation of 

20 the rotative movable member with respect to the non-rotative 
movable member is permitted. 

According to further another aspect of the present 
invention, there is provided a substrate treatment method, 
which comprises the steps of: providing a rotary member 

25 rotatable about a rotary shaft and having a plurality of 



clamping members which are capable of clamping and 
unclamping a substrate; providing a non-rotative movable 
member which is movable parallel to the rotary shaft; 
providing a rotative movable member which is movable 
5 parallel to the rotary shaft in association with movement 
of the non-rotative movable member by a driving force 
received from the non-rotative movable member and is 
rotatable together with the rotary member; providing a 
movement converting mechanism for converting movement of 

10 the rotative movable member into movements of the clamping 
members of the rotary member; rotating the rotary member 
by a rotative drive mechanism; moving the non-rotative 
movable member parallel to the rotary shaft to completely 
or slightly release the substrate from the clamping members 

15 in the rotary member rotation step; and moving the 

non-rotative movable member parallel to the rotary shaft 
to clamp the substrate again by the clamping members after 
the complete/slight release step. 

The method preferably further comprises the step 

20 of controlling the rotative drive mechanism to accelerate 
or decelerate the rotation of the rotary member in the 
complete/slight release step. 

According to still another aspect of the present 
invention, there is provided a substrate treatment method, 

25 which comprises the steps of: providing a rotary member 
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rotatable about a rotary shaft and comprising a first 
substrate clamping mechanism and a second substrate 
clamping mechanism each having a plurality of clamping 
members- which are capable of clamping and unclamping a 
5 substrate; providing a first non-rotative movable member 
which is movable parallel to the rotary shaft; providing 
a second non-rotative movable member which is movable 
parallel to the rotary shaft; providing a first rotative 
movable member which is movable parallel to the rotary shaft 

10 in association with movement of the first non-rotative 
movable member by a driving force received from the first 
non-rotative movable member and is rotatable together with 
the rotary member; providing a second rotative movable 
member which is movable parallel to the rotary shaft in 

15 association with movement of the second non-rotative 
movable member by a driving force received from the second 
non-rotative movable member and is rotatable together with 
the rotary member; providing a first movement converting 
mechanism for converting movement of the first rotative 

2 0 movable member into movement of the first substrate clamping 
mechanism of the rotary member; providing a second movement 
converting mechanism for converting movement of the second 
rotative movable member into movement of the second 
substrate clamping mechanism of the rotary member; 

25 performing a first clamping process by controlling 



38 

positions of the first and second non-rotative movable 
members along the rotary shaft for keeping a substrate 
clamping state in a first clamping state where the substrate 
is clamped by the clamping members of the first substrate 
5 clamping mechanism and undamped by the clamping members 
of the second substrate clamping mechanism; performing a 
second clamping process by controlling the positions of 
the first and second non-rotative movable members along 
the rotary shaft for keeping the substrate clamping state 

10 in a second clamping state where the substrate is clamped 
by the clamping members of the second substrate clamping 
mechanism and undamped by the clamping members of the first 
substrate clamping mechanism; and switching the substrate 
clamping state between the first clamping state and the 

15 second clamping state when the rotary member is rotated 
by a rotative drive mechanism. 

The switching step may comprise the step of 
controlling first and second driving mechanisms, which 
drive the first and second non-rotative movable members, 

20 respectively, so as to switch the substrate clamping state 
to an intermediate state where the substrate is clamped 
by the clamping members of the first substrate clamping 
mechanism and the second substrate clamping mechanism when 
the substrate clamping state is switched between the first 

25 clamping state and the second clamping state. 
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According to further another aspect of the present 
invention, there is provided a substrate treatment 
apparatus, which comprises: a substrate rotating member 
which is rotated about a rotary shaft thereof while holding 
5 a substrate; a plurality of clamping members attached to 
the substrate rot at ing member , and operative in a substrate 
clamping state for clamping the substrate and in a substrate 
unclamping state for unclamping the substrate; and a link 
mechanism for associating substrate cl amping/unclamping 

10 motions of the plural clamping members with rotation of 
the substrate rotating member; wherein the link mechanism 
comprises a cam member having a cam surface undulated 
parallel to the rotary shaft and configured as circularly 
surrounding the rotary shaft of the substrate rotating 

15 member, and a movement converting mechanism attached to 
the substrate rotating member and including a cam follower 
which moves generally parallel to the rotary shaft while 
traveling alongthecamsurfaceofthe cam member in abutment 
against the cam surface in association with relative 

20 rotation of the cam member with respect to the substrate 
rotating member, whereby movement of the cam follower is 
converted into the substrate clamping/unclamping motions 
of the plural clamping members. 

With this arrangement, when the substrate rotating 

25 member is rotated about the rotary shaft, the cam follower 
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circularly travels along the cam surface of the cam member 
in association with the relative rotation of the cam member 
with respect to the substrate rotating member . Asaresult, 
the cam follower moves parallel to the rotary shaft. The 
5 movement of the cam follower is converted into the motions 
of the plural clamping members attached to the substrate 
rotating member. This simple construction permits the 
clamping members to clamp and unclamp the substrate, while 
the substrate is rotated. 

10 The plural clamping members may simultaneously be 

operative in the substrate clamping state and in the 
substrate unclamping state. Where the rotation of the 
substrate rotating member is accelerated or decelerated 
with all the clamping members kept in the substrate 

15 unclamping state, for example, the substrate is rotated 
relative to the substrate rotating member. Thus, the 
clamping members can change substrate clamping positions . 

However, this arrangement entails abrasion of the 
clamping members due to sliding contact between the clamping 

20 members and the substrate. Therefore, the relative 

rotation of the substrate with respect to the substrate 
rotating member is preferably prevented. 

A relationship between the cam surface and the cam 
follower is preferably defined so that at least one pair 

25 of clamping members out of the plural clamping members 
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undergo the substrate clamping/unclamping motions with a 
timing offset. 

With this arrangement, the at least one pair of 
clamping members out of the plural clamping members undergo 
5 the substrate clamping/unclamping motions with a timing 
offset. Therefore, some of the clamping members can be 
retracted from a peripheral surface of the substrate, while 
the substrate is clamped by the other clamping members. 
Hence, the entire peripheral surface and peripheral edge 

10 portion of the substrate can properly be treated with a 
treatment fluid (a treatment liquid or a treatment gas) 
by sequentially retracting the plural clamping members from 
the peripheral surface. In addition, there is no need for 
rotating the substrate relative to the substrate rotating 

15 member, so that the abrasion of the clamping members can 
be suppressed. 

Further, the clamping members may be operative so 
that the substrate is constantly clamped by some of the 
clamping members. Thus, the substrate can constantly 

20 stably be held during the rotation of the substrate. Where 
the treatment of a surface of the substrate is performed 
with a shieldplate located adjacent the substrate surface, 
for example, a spacing between the shield plate and the 
substrate surface can constantly strictly be controlled. 

25 Thus, the quality of the treatment of the substrate can 



be improved. 

Further, the substrate is constantly clampedby some 
of the clamping members for prevention of the relative 
rotation of the substrate with respect to the substrate 
5 rotating member during the rotation of the substrate, 
whereby the rotational position of the substrate can easily 
be controlled. 

The substrate treatment apparatus preferably 
further comprises a mode switching mechanism for switching 

10 an operation mode of the link mechanism between an active 
mode and an inactive mode by changing a distance between 
the substrate rotating member and the cam surface of the 
cam member as measured along the rotary shaft. 

With this arrangement, the distance between the 

15 substrate rotating member and the cam surface of the cam 
member is changed to bring the cam follower and the cam 
surface into non-contact relation, to permit the cam 
follower to travel along the cam surface so as to bring 
the clamping members into the substrate, clamping state and 

20 into the substrate unclamping state, or to bring the 
substrate rotating member and the cam surface into close 
relation so as to constantly keep the clamping members in 
the substrate unclamping state. In this manner, the 
operation mode of the 1 ink mechanism can be switched between 

25 the active mode in which the substrate clamping/unclamping 



r 

43 

motions of the clamping members are associated with the 
rotation of the substrate rotating member and the inactive 
mode in which the substrate clamping/unclamping motions 
are not associated with the rotation of the substrate 
5 rotating member. 

When the substrate is to be loaded onto or unloaded 
from the substrate rotating member, for example, the 
clamping members are preferably kept in the substrate 
unclamping state irrespective of the rotational position 

10 of the substrate rotating member. Therefore, the 
operation mode is switched to the inactive mode. 
Particularly, when the peripheral edge portion of the 
substrate held by the substrate rotating member is treated 
with the treatment fluid, the operation mode of the link 

15 mechanism is preferably switched to the active mode to bring 
the clamping member s into the substrate clamping state and 
into the substrate unclamping state. When the substrate 
is rotated at a high rotation speed to spin off the treatment 
liquid from the substrate surface for drying the substrate 

20 after the treatment of the substrate with the treatment 
liquid, the operation mode of the link mechanism is 
preferably switched to the inactive mode to keep the 
clamping members in the substrate clamping state. 

According to still another aspect of the present 

25 invention, there is provided a substrate treatment 
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apparatus, which comprises: a substrate rotating member 
which are rotated while holding a substrate; a plurality 
of clamping members attached to the substrate rotating 
member, and operative in a substrate clamping state for 
5 clamping the substrate and in a substrate unclamping state 
for unclamping the substrate; a link mechanism for 
associating substrate clamping/unclamping motions of the 
plural clamping members with rotation of the substrate 
rotating member, and causing at least one pair of clamping 

10 members out of the plural clamping members to undergo the 
substrate clamping/unclamping motions with a timing 
offset; and a mode switching mechanism for switching an 
operation mode of the link mechanism between an active mode 
and an inactive mode. 

15 The mode switching mechanism is preferably adapted 

to switch the operation mode of the link mechanism between 
the active mode in which the plural clamping members are 
brought into the substrate clamping state and into the 
substrate unclamping state in association with the rotation 

20 of the substrate rotating member and the inactive mode in 
which the plural clamping members are kept in the substrate 
clamping state. 

With this arrangement, the clamping members undergo 
the substrate clamping/unclamping motions in the active 

25 mode, and are kept in the substrate clamping state in the 
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inactive mode. When a peripheral edge portion of the 
substrate is treated by supplying a treatment fluid, for 
example , the operation mode is switched to the active mode . 
When the treatment liquid is spun off from a surface of 
5 the substrate for drying the substrate, the operation mode 
is switched to the inactive mode. Thus, the peripheral 
edge portion of the substrate can properly be treated and, 
in addition, the substrate can stably be held in the drying 
process . 

10 The mode switching me chan ism maybe adapted to switch 

the operation mode of the link mechanism among the active 
mode in which the plural clamping members are brought into 
the substrate clamping state and into the substrate 
unclamping state in association with the rotation of the 

15 substrate rotating member, a first inactive mode in which 
the plural clamping members are kept in the substrate 
clamping state, and a second inactive mode in which the 
plural clamping members are kept in the subs t rat e unclamping 
state . 

20 With this arrangement, when the substrate is treated 

by supplying the treatment fluid, the operation mode is 
switched to the active mode. When the rotation of the. 
substrate rotating member is accelerated or decelerated, 
or when the substrate rotating member is rotated at a high 

25 speed for removal of the treatment liquid from the substrate 
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surface, the operation mode is switched to the first 
inactive mode. Further, when the substrate is rotated 
relative to the substrate rotating member, or when the 
substrate is loaded onto or unloaded from the substrate 
5 rotating member, the operation mode is switched to the 
second inactive mode. 

In the active mode, the substrate clamping state 
preferably includes a first substrate clamping state where 
the substrate is clamped by some of the plural clamping 

10 members, a second substrate clamping state where the 
substrate is clamped by the other clamping members, and 
an intermediate clamping state where the substrate is 
clamped by all the plural clamping members when the 
substrate clamping state is switched between the first 

15 substrate clamping state and the second substrate clamping 
state. 

With this arrangement, the substrate clamping state 
is switched between the first substrate clamping state where 
the substrate is clamped by some of the plural clamping 

20 members and the second substrate clamping state where the 
substrate is clamped by the other clamping members in the 
active mode. Thus, when the peripheral edge portion of 
the substrate is treated with the treatment fluid, for 
example, the treatment fluid can properly be supplied to 

25 the entire peripheral edge portion of the substrate. 
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Further, the substrate clamping state is once switched to 
the intermediate clamping state where the substrate is 
clamped by all the plural clamping members, when being 
switched between the first substrate clamping state and 
5 the second substrate clamping state. Hence, there is no 
possibility that the substrate is unstably held during the 
switching of the substrate clamping state of the clamping 
members. When the treatment of the substrate surface is 
performed with a shieldplate located adjacent the substrate 

10 surface, for example, a spacing between the shield plate 
and the substrate can constantly stably be kept during the 
treatment of the substrate. The intermediate clamping 
state can assuredly prevent the relative rotation of the 
substrate with respect to the substrate rotating member. 

15 Therefore, the abrasion of the clamping members due to the 
relative rotation can be suppressed. 

The link mechanism preferably comprises a cycle 
changing mechanism for changing a substrate 
clamping/unclamping cycle of the plural clamping members 

20 in the active mode. 

With this arrangement, the substrate 
clamping/unclamping cycle of the clamping members can be 
changed, so that the substrate clamping/unclamping mot ions 
of the clamping members can be caused at a speed such as 

25 not to adversely affect the treatment of the peripheral 
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edge portion of the substrate with the treatment fluid. 

Where a cam member having a cam surface rotatable 
about a rotary shaft as described above and a cam rotative 
drive mechanism for rotatively driving the cam member for 
5 the rotation o.f the cam surface about the rotary shaft are 
provided, for example, the cycle changing mechanism may 
comprise a cam rotation controlling mechanism for 
controlling the cam rotative drive mechanism to variably 
control the rotation speed of the cam member. 

10 The substrate treatment apparatus preferably 

further comprises an etching liquid supply mechanism for 
supplying an etching liquid to the peripheral edge portion 
of the substrate held by the substrate rotating member. 

With this arrangement, the peripheral edge portion 

15 of the substrate can be subjected to an etching process 
or a cleaning process. 

According to further another aspect of the present 
invention, there is provided a substrate treatment method, 
which comprises the steps of: rotating a substrate while 

20 holding the substrate by a substrate rotating member; 
associating substrate clamping/unclamping motions of a 
plurality of clamping members attached to the substrate 
rotating member with rotation of the substrate rotating 
member, and causing at least one pair of clamping members 

25 out of the plural clamping members to undergo the substrate 
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clamping/unclamping motions with a timing offset; and 
switching an operation mode between an active mode in which 
the substrate clamping/unclamping motions of the plural 
clamping members are associated with the rotation of the 
5 substrate rotating member and an inactive mode in which 
the substrate clamping/unclamping motions are not 
associated with the rotation of the substrate rotating 
member . 

The foregoing and other objects, features and 
10 effects of the present invention will become more apparent 
from the following description of the preferred embodiments 
with reference to the attached drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic diagram for explaining the 
15 construction of a substrate treatment apparatus according 
to one embodiment of the present invention; 

Fig. 2 is a plan view of a spin chuck provided in 
the substrate treatment apparatus; 

Fig. 3 is a plan view for explaining the arrangement 
20 of movement converting mechanisms provided in a spin base 
of the spin chuck; 

Fig. 4 is a sectional view (taken along a line IV-IV 
in Fig. 5) for explaining a construction associated with 
the spin chuck; 
25 Fig. 5 is a plan view for explaining the construct ion 
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of a drive mechanism for driving clamping members; 

Fig. 6 is a plan view for explaining the constructions 
of first. and second non-rotative movable members driven 
by the drive mechanism; 
5 Fig. 7 is a perspective view for explaining the 

construction of the movement converting mechanism for 
converting a driving force transmitted from the first 
non-rotative movable member into the movements of the 
clamping members; 
10 Fig. 8 is a perspective view for explaining the 

construction of another portion of the movement converting 
mechanism; 

Fig. 9 is a block diagram for explaining the 
electrical construction of the substrate treatment 
15 apparatus; 

Fig. 10 is a plan view of a spin chuck provided in 
a substrate treatment apparatus according to a second 
embodiment of the present invention; 

Fig. 11 is aperspective viewillustrating the common 
20 construction of clamping members according to the second 
embodiment ; 

Fig. 12(a) is a partial sectional view illustrating 
an arrangement for transmitting a driving force between 
a first rotative movable member and a lift member for one 
25 clamping member according to the second embodiment; 
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Fig. 12 (b) is a partial sectional view illustrating 
an arrangement for transmitting a driving force between 
a second rotative movable member and a lift member for 
another clamping member according to the second embodiment ; 
5 Figs. 13(a) to 13 (i) are schematic diagrams 

illustrating wafer clamping states according to the second 
embodiment ; 

Fig. 14 is a sectional view for explaining the 
construction of a substrate treatment apparatus according 
10 to a third embodiment of the present invention; 

Fig. 15 is a sectional view for explaining the 
construction of a substrate treatment apparatus according 
to a fourth embodiment of the present invention; 

Fig. 16 is a sectional view for explaining a 
15 modification of the fourth embodiment; 

Fig. 17 is a sectional view for explaining the 
construction of a substrate treatment apparatus according 
to a fifth embodiment of the present invention; 

Fig. 18 is a sectional view for explaining the 
20 construction of a substrate treatment apparatus according 
to a sixth embodiment of the present invention; 

Fig. 19 is a sectional view for explaining the 
construction of a substrate treatment apparatus according 
to a seventh embodiment of the present invention; 
25 Fig. 20 is a sectional view illustrating major 
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portions of the substrate treatment apparatus of Fig. 19 
on a greater scale; 

Fig. 21 is a plan view illustrating the internal 
construction of a spin chuck employed in a substrate 
5 treatment apparatus according to an eighth embodiment of 
the present invention; 

Fig. 22 is a perspective view illustrating the 
construction of a clamping member employed in a substrate 
treatment apparatus according to a ninth embodiment of the 
10 present invention; 

Fig. 23 is a schematic sectional view for explaining 
the construction of a substrate treatment apparatus 
according to a tenth embodiment of the present invention; 

Figs. 24(A) and 24(B) are diagrams for explaining 
15 the configuration of a cam face; 

Figs. 25(A), 25(B) and 25(C) are plan views 
illustrating modifications of the configuration of the cam 
face; and 

Figs. 26(A) and 26(B) are plan views illustrating 
20 modified clamping members. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Fig. 1 is a schematic diagram for explaining the 
construction of a substrate treatment apparatus according 
to one embodiment of the present invention. The substrate 
25 treatment apparatus is capable of treating a semiconductor 
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waferWasagenerally round substrate (hereinafter referred 
to simply as "wafer") formed with a thin film for 
simultaneously removing portions of the thin film present 
on a rear surface of the wafer W, a peripheral edge portion 
Sofa front surface of the wafer W and a peripheral surface 
of thewaferW. The substrate treatment apparatus includes 
a spin chuck 1 provided in a treatment cup (not shown) for 
horizontally holding the wafer W with the rear surface of 
the wafer W facing downward and rotating the wafer W thus 

10 held about an axis vertically extending through a center 
portion of the wafer W. 

The spin chuck 1 is coupled to a rotation shaft (drive 
shaft) ofamotor2asa rotative drive mechanism for rotation 
thereof. The rotation shaft has a hollow inside in which 

15 a treatment liquid supply pipe 3 is inserted for supplying 
deioni zed water or an etching liquid . The treatment liquid 
supply pipe 3 is connected to a center nozzle (fixed nozzle) 
having an outlet port which is located adjacent the center 
of the lower surface of the wafer W held by the spin chuck 

20 1. Therefore, the etching liquid or deionized water can 
be supplied toward the lower surface of the wafer W from 
the outlet port of the center nozzle. 

The etching liquid or deionized water is supplied 
to the treatment liquid supply pipe 3 through a deionized 

25 water supply valve 4 connected to a deionized water supply 
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source or through an etching liquid supply valve 5 connected 
to an etching liquid supply source when required. 

The etching liquid to be employed is determined 
depending on the type of the thin film to be removed from 
5 the surface (the upper or lower surface) of the wafer W. 
Where a metal film such as a thin copper film is removed 
from the lower surf ace of the wafer W, for example, a mixture 
of hydrochloric acid and hydrogen per oxide aqueous solution, 
a mixture of hydrofluoric acid and hydrogen peroxide aqueous 

10 solution or a mixture of hydrofluoric acid and nitric acid 
is used as the etching liquid. Where a polysilicon film, 
an amorphous silicon film or a silicon oxide film is removed 
from the wafer W, for example, a mixture of hydrofluoric 
acid and nitric acid is used as the etching liquid. Where 

15 an oxide film is removed from the wafer W, for example, 
dilute hydrofluoric acid is used as the etching liquid. 

Though not shown, a scan nozzle may further be 
provided, which is reciprocally movable between an upper 
position above the wafer W and a retracted position apart 

20 from the upper position for supplying the etching liquid 
or deionized water toward the upper surface of the wafer 
W. The scan nozzle is used for treatment of the entire 
upper surface of the wafer W. 

A disk-shaped shield plate 6 is horizontally 

25 disposed above the spin chuck 1 in opposed relation to the 
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wafer W held by the spin chuck 1. .The shield plate 6 is 
dimensioned so as to cover substantially the entire upper 
surface of the wafer W, and is attached to a distal end 
portion of an arm 8 coupled to a lift drive mechanism 7 
5 rotatably about a vertical axis. 

The shield plate 6 can be moved up and down with 
respect to the spin chuck 1 by the lift drive mechanism 
7. Further, the shield plate 6 can be rotated about a 
rotation axis thereof aligned with the rotation axis of 

10 the spin chuck 1 by a rotative drive mechanism 9. Nitrogen 
gas as an inert gas can be supplied to a space between the 
shield plate 6 and the wafer W. Nitrogen gas is introduced 
from a nitrogen gas supply valve 10 through a nitrogen gas 
supply pipe 11 to a nitrogen gas outlet port (not shown) 

15 provided in a center portion of a lower surface of the shield 
plate 6. As required, deionized water supplied from a 
deionized water supply valve 12 or any other treatment 
liquid may be supplied to the upper surface of the wafer 
W from a nozzle provided at the center of the lower surface 

20 of the shield plate 6. 

Fig. 2 is a plane view of the spin chuck 1. The 
spin chuck 1 includes a disk-shaped spin base 21 and a 
plurality of clamping members (six clamping members Fl to 
F3 and SI to S3 in this embodiment) generally equiangularly 

25 disposed in a peripheral edge portion of the spin base 21 
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on an upper surface of the spin base 21 . Of these clamping 
members, three alternate clamping members Fl to F3 
circumf erentially disposed constitute a first clamping 
member set, and are operatively associated with each other 
5 to clamp and unclamp the wafer W. The other three clamping 
members SI to S3 constitute a second clamping member set, 
and are operatively associated with each other to clamp 
and unclamp the wafer W. 

The clamping members Fl to F3 of the first clamping 

10 member set (first substrate clamping mechanism) are 

operable independently of the clamping members SI to S3 
of the second clamping member set (second substrate clamping 
mechanism) . That is, when the clamping members Fl to F3 
clamp the wafer W at circumferential positions of the wafer 

15 W spaced at an angular interval of about 120 degrees, the 
clamping members SI to S3 may unclamp the wafer W. 
Alternatively, the clamping members SI to S3 may clamp the 
waferW in abutment against three circumferential positions 
of the wafer W spaced at an angular interval of about 120 

20 degrees, when the clamping members Fl to F3 unclamp the 
wafer W. Further, the wafer W may be clamped by all the 
clamping members Fl to F3 and SI to S3. In this case, the 
wafer W is clamped at six circumferential positions of the 
wafer W spaced at an angular interval of about 60 degrees. 

25 Fig. 3 is a plan view for explaining the arrangement 
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of movement converting mechanisms provided in the spin base 
21 . The spin base 21 includes a first movement converting 
mechanism FT1 for operating the clamping members Fl, F2, 
F3 in association with each other, and a second movement 
5 converting mechanism FT 2 for operating the clamping member s 
SI, S2, S3 in association with each other. The movement 
converting mechanism FT 1 includes link mechanisms 31, 32 
and 33 for operating the clamping members Fl, F2 and F3, 
respectively, and a first link ring 34 for linking the link 

10 mechanisms 31 to 33. Similarly, the second movement 

converting mechanism FT2 includes link mechanisms 41, 42 
and 43 for operating the clamping members SI, S2 and S3, 
respectively, and a second link ring 44 for linking the 
link mechanisms 41 to 43. 

15 The first link ring 34 and the second link ring 44 

are generally annular members disposed coaxially with a 
rotation axis of the spin base 21. The second link ring 
44 is disposed outwardly of the first link ring 34. The 
first and second link rings 34, 44 are movable up and down 

20 along the rotation axis of the spin base 21. The clamping 
members Fl to F3 can be operated by moving up and down the 
first link ring 34, while the clamping members SI to S3 
can be operated by moving up and down the second link ring 
44 . 

25 Fig. 4 is a sectional view (taken along a line IV-IV 
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in Fig. 5) for explaining a construction associated with 
the spin chuck 1 . The spin base 21 includes an upper plate 
22 and a lower plate 23 fixed to each other by bolts- A 
space for accommodating the first and second movement 
5 converting mechanisms FT 1 , FT 2 is defined between the upper 
plate 2 2 and the lower plate 23 . A through- hole 24 is formed 
in center portions of the upper and lower plates 22, 23 
as extending through the spin base 21 . The treatment liquid 
supply pipe 3 extends through the through-hole 24 and 

10 further through a rotary shaft 25 of the spin chuck 1. The 
center nozzle 26, which has the outlet port 26a tobe opposed 
to the center of the lower surface of the wafer W held by 
the spin chuck 1, is fixed to an upper end of the treatment 
liquid supply pipe 3. 

15 The rotary shaft 25 is unitary with the drive shaft 

of the motor 2 and extends through the motor 2. The motor 
2 is surrounded by a casing 27, which is further surrounded 
by a cylindrical cover member 28 . The cover member 28 has 
an upper edge located in the vicinity of a lower surface 

20 of the spin base 21, and a seal mechanism 29 is provided 
on an interior surface portion of the cover member 28 
adjacent to the upper edge of the cover member 28. The 
seal mechanism 29 is kept in sliding contact with a seal 
member 30 fixed to the lower surface of the spin base 21, 

25 and a mechanical member accommodating space 50 is defined 
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between the seal mechanism 29 and the rotary shaft 25 as 
being isolated from an external environment. 

In the mechanical member accommodating space 50, 
a generally annular gear case 51 is attached to an upper 
5 cover 27a of the casing 27 as surrounding the rotary shaft 
25. A first motor Ml and a second motor M2 are fixed onto 
the gear case 51 in symmetrical relation about the rotary 
shaft 25 as shown in plan in Fig. 5. 

As shown in Fig. 4, bearings 52 and 53 are 

10 respectively press-fitted on interior surfaces of inner 
and outer peripheral walls of the gear case 51. The 
bearings 52, 53 are disposed coaxial ly with the rotary shaft 
25. A first ring-shaped gear 54 is fixed to a rotary ring 
of the inner bearing 52 as surrounding the rotary shaft 

15 25, while a second ring-shaped gear 55 is fixed to a rotary 
ring of the outer bearing 53 as surrounding the rotary shaft 
25. Therefore, the first gear 54 and the second gear 55 
are rotatable coaxially about the rotary shaft 25 in the 
gear case 51, and the second gear 55 is disposed outwardly 

20 of the first gear 54. The first gear 54 has gear teeth 
provided on an outer peripheral surface thereof, while the 
second gear 5 5 has gear teeth provided on an inner peripheral 
surface thereof. 

Apinion 56 fixed to a drive shaft of the first motor 

25 Ml is disposed between the first gear 54 and the second 
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gear 55, and meshed with the first gear 54 disposed inwardly 
thereof. Similarly, a pinion 57 fixed to a drive shaft 
of the second motor M2 is disposed between the first gear 
54 and the second gear 55, and meshed with the second gear 
5 55 disposed outwardly thereof as shown in Fig. 5. 

A pair of first ball thread mechanisms 61, 61 are 
disposed in opposed relation with the rotary shaft 25 
interposed therebetween (i.e., laterally of the rotary 
shaft 25) apart from the motors Ml, M2 on the gear case 

10 51. Further, a pair of second ball thread mechanisms 62, 
62 are disposed in opposed relation with the rotary shaft 
25 interposed therebetween (i.e., laterally of the rotary 
shaft 25) apart from the motors Ml, M2 and the first ball 
thread mechanisms 61, 61 on the gear case 51. 

15 As shown in Fig. 4, the first ball thread mechanisms 

61, 61 each include a thread shaft 63 disposed parallel 
to the rotary shaft 25 and a ball nut 64 threadingly engaged 
with the thread shaft 63. The thread shaft 63 is attached 
to an upper cover of the gear case 51 via a bearing 65, 

20 and a lower end portion thereof extends into the gear case 
51. A gear 66 is fixed to the lower end of the thread shaft 
63. The gear 66 is disposed between the first gear 54 and 
the second gear 55, and meshed with the first gear 54 disposed 
inwardly thereof. 

25 On the other hand, a first non-rotative movable 
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member 68 is attached to the ball nut 64. The first 
non-rotative movable member 68 is an annular member 
surrounding the rotary shaft 25, and a stationary ring lit 
of a first bearing 71 disposed around the rotary shaft 25 
5 is fixed to an inner peripheral surface of the first 
non-rotative movable member 68. A rotary ring 71r of the 
first bearing 71 is disposed inwardly of the stationary 
ring 71f around the rotary shaft 25. The rotary ring 71r 
is fixed to an outer peripheral surface of a first annular 

10 rotative movable member 81 surrounding the rotary shaft 
25. The first rotative movable member 81 is engaged with 
guide rails 91 projecting from an outer peripheral surface 
of the rotary shaft 25. The guide rails 91 extend parallel 
to the rotary shaft 25. Therefore, the first rotative 

15 movable member 81 is coupled to the rotary shaft 25 so as 
to be guidedly movable along the rotary shaft 25. 

When the first mo torMl is driven to rotate the pinion 
56, the rotation of the pinion 56 is transmitted to the 
first gear 54. Thus, the gears 66 each meshed with the 

20 first gear 54 are rotated to rotate the thread shafts 63 
of the ball thread mechanisms 61, 61. Thus, the ball nuts 
64 and the first non-rotative movable member 68 coupled 
to the ball nuts 64 are moved up and down along the rotary 
shaft 25. The first rotative movable member 81 to be 

25 rotated together with the rotary shaft 25 is coupled to 



the first non-rotative movable member 68 via the bearing 
71. Therefore, the first rotative movable member 81 can 
be moved up and down along the guide rails 91 by the up 
and down movement of the first non-rotative movable member 
5 68 even during the rotation of the rotary shaft 25. 

As shown in Fig . 6, a second ring- shaped non-rotative 
movable member 78 is disposed outwardly of the first 
ring-shaped non-rotative movable member 68 which is moved 
up and down by the first ball thread mechanisms 61, 61. 

10 The first non-rotative movable member 68 has a pair of 
projections 69, 69 respectively projecting radially 
outwardly in association with the ball nuts 64 of the pair 
of first ball thread mechanisms 61, 61, and another pair 
of projections 70, 70 respectively projecting radially 

15 outwardly from posit ions thereof circumf erentially offset 
f rom the pro j ections 69, 69 . Guide shafts 67, 67 extending 
along the rotary shaft 25 are respectively coupled to the 
pro j ections 70, 70. The guide shaft s 67 , 67 are vertically 
guided along the rotary shaft 25. Thus, the first 

20 non-rotative movable member 68 is movable up and down along 
the rotary shaft 25, while being kept horizontally. 

On the other hand, the second ring-shaped 
non-rotative movable member 78 has a pair of projections 
79, 79 respectively projecting radially inwardly in 

25 association with the second ball thread mechanisms 62 , 62 . 



I 

63 

The second ball thread mechanisms 62, 62 each have 
substantially the same construction asthefirstball thread 
mechanism 61, except that a gear provided at a lower end 
of a thread shaft thereof is inwardly meshed with the second 
5 gear 55 between the first gear 54 and the second gear 55 
within the gear case 51. Therefore, ball nuts of the second 
ball thread mechanisms 62, 62 can be moved up and down by 
driving the pinion 57 meshed with the second gear 55 by 
the second motor M2 . These ball nuts are coupled to the 
10 projections 79, 79 of the second non-rotative movable member 
78 . 

The second non-rotative movable member 78 further 
has another pair of projections 80, 80 respectively 
projecting radially inwardly from positions thereof 

15 circumf erentially offset from the projections 79, 79. 
Guide shafts 77, 77 are respectively coupled to the 
projections 80, 80. The guide shafts 77 , 77 are vertically 
guided along the rotary shaft 25. Thus, the second 
non-rotative movable member 78 is vertically movable up 

20 and down along the rotary shaft 25, while being kept 
hor i zontal ly . 

As shown in Fig. 4, a stationary ring 72f of a second 
bearing 72 surrounding the rotary shaft 25 is fixed to an 
outer peripheral surface of the second non- rotative movable 

25 member 78. A rotary ring 72r of the second bearing 72 is 
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fixedto an inner peripheral surface of a second ring-shaped 
rotative movable member 82 surrounding the rotary shaft 
25. . Guide pins 92 are implanted in the second rotative 
movable member 82 as vertically projecting from an upper 
5 surface of the second rotative movable member 82 along the 
rotary shaft 25, 

When the second non-rotative movable member 78 is 
moved up and down together with the nuts of the second ball 
threadmechanisms 62 , 62, the second rotative movable member 

10 82 coupled to the second bearing 72 is moved up and down 
simultaneously with the second non- rotative movable member 
78. Aswillbedescribedlater, the second rotative movable 
member 82 is rotated together with the spin base 21 (i.e., 
together with the rotary shaft 25) . Even during the 

15 rotation of the second rotative movable member 82, the 
second rotative movable member 82 can be moved up and down 
by driving forces received from the second ball thread 
mechanisms 62 . 

Fig. 7 is a perspective view for explaining the 

20 construction of the link mechanism 31 of the first movement 
converting mechanism FT 1 . The clamping member Fl is fixed 
to an upper end of a rotat able vertical shaft 35, and includes 
a plate portion 95 having a generally wedge shape as seen 
in plan and an abutment portion 96 (substrate clamp pin) 

25 provided upright on the plate portion 95 apart from a 
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rotation axis of the shaft 35 so as to be brought into opposed 
relation to the peripheral surface of the wafer W. A wafer 
support portion 95a projects from a rotation center of the 
plate portion 95. The wafer support portion 95a is located 
5 in association with a lower surface portion of the wafer 
W slightly inwardly spaced from the peripheral edge of the 
wafer W to support a peripheral edge portion of the lower 
surface of the wafer W from a lower side. 

A lever 36 is fixed to the shaft 35 as projecting 

10 laterally below the clamping member Fl, and a pin 36a is 
provided on an end portion of the lever 36 as extending 
vertically upward. The link mechanism 31 includes the 
lever 36, a rocking plate 37 having an elongate hole 37a 
engaged with the lever 36, a crank member 38 coupled to 

15 the rocking plate 37, a lever 39 having a bearing member 
39a supporting a shaft 38a of the crank member 38 pivotally 
about an axis thereof, a crank member 40 coupled to the 
lever 39, a bearing member 45 pivotally supporting a shaft 
40a of the crank member 40, and a lift member 46 having 

20 an elongate hole 46a engaged with a shaft 40b of the crank 
member 40. A lower end of the lift member 46 is connected 
to an upper surface of the first link ring 34. The first 
link ring 34 is disposed in engagement with an outer 
circumferential shoulder 81a of the first rotative movable 

25 member 8 1 . 
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As shown in Fig. 4, a plurality of guide shafts 47 
(three guide shafts in this embodiment) are equiangular ly 
provided on the upper surface of the first link ring 34 
as extending vertically upward along the rotary shaft 25. 
5 The guide shafts 47 extend through the lower plate 23 of 
the spin base 21, and are held in an upwardly and downwardly 
movable manner by bushes 48 provided within the spin base 
21 . 

Therefore, the first link ring 34 is movable up and 

10 down along the rotary shaft 25 together with the first 
rotative movable member 81, while being kept horizontally. 
As the lift member 46 is correspondingly moved up and down, 
the crank member 40 is rotated about the shaft 40a supported 
by the bearing member 45. The elongate hole 46a formed 

15 in the lift member 46 extends horizontally, so that the 
up and down movement of the lift member 46 is smoothly 
converted into a pivotal movement of the crank member 40. 

The pivotal movement of the crank member 40 pivots 
the lever 39, so that the crank member 38 supported by the 

20 bearing member 39a of the lever 39 is moved 

circumf erentially of the spin base 21 as seen in plan. The 
elongate hole 37a formed in the rocking plate 37 extends 
radially of the spin base 21, and the pin 36a is vertically 
engaged with the elongate hole 37a. Therefore, the rocking 

25 plate 37 is rocked slightly up and down with respect to 
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the spin base 21, while being kept horizontally. Since 
the pin 36a is moved circumf erentially of the spin base 
21 by the rocking of the rocking plate 37, the clamping 
member Fl is pivoted about the shaft 35 by the lever 36. 
5 Thus, the link mechanism 31 converts the up and down movement 
of the first rotative movable member 81 into the pivotal 
movement of the clamping member Fl . 

The link mechanisms 32, 33 each have the same 
construction as the link mechanism 31. These link 

10 mechanisms 31, 32, 33 are operative in association with 
each other by the operation of the first link ring 34. 

The link mechanisms 41, 42, 43 for the clamping 
members SI, S2, S3 each have substantially the same 
construction as the link mechanism 31 and, therefore, no 

15 explanation will be given thereto. However, the second 
link ring 44 is disposed radially outwardly of the first 
link ring 34 around the spin base 21. Therefore, the shaft 
40a of the crank member 40 of the link mechanism 41 to 43 
has a smaller length than that of the link mechanism 31, 

20 so that the bearing member 45 is correspondingly slightly 
different in structure. In Fig. 3, a reference numeral 
49 denotes guide shafts provided upright on the second link 
ring 44. The guide shafts 49 have the same function as 
the guide shafts 47 provided upright on the first link ring 

25 34, and are coupled to the spin base 21 in an upwardly and 
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downwardly movable manner like the guide shafts 47. 

As shown in Fig. 4, a compression coil spring 58 
is wound around the lift member 46 of each of the link 
mechanisms 31, 32, 33 between a lower surface of the lower 
5 plate 23 of the spin base 21 and the upper surface of the 
first link ring 34. Thus, the first link ring 34 is biased 
downward. As a result, the clamping member Fl is biased 
in a closing direction with the abutment portion 96 thereof 
directing inwardly radially of the spin base 21. 

10 Similarly, a compression coil spring 59 is wound 

around the lift member 46 of each of the link mechanisms 
41, 42, 43 between the lower surface of the lower plate 
23 of the spin base 21 and an upper surface of the second 
link ring 44. Therefore, the clamping member s Fl , F2 , F3 , 

15 SI, S2, S3 are each biased in a closing direction with the 
abutment portions 96 thereof directing inwardly radially 
of the spin base 21. Where the ball nuts 64 of the first 
and second ball thread mechanisms 61, 62 are sufficiently 
lowered, the wafer W is clamped by the clamping members 

20 Fl to F3 and SI to S3 by spring forces of the compression 
coil springs 58, 59. Since the wafer W is resiliently 
clamped by utilizing the resilient forces of the compression 
coil springs 58, 59, a damage to the wafer W can 
advantageously be suppressed. 

25 As shown in Fig. 3, sensor sections 97, 98 for 
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detecting the heights of the first link ring 34 and the 
second link ring 44, respectively, are provided for 
detection of a wafer clamping state effected by the clamping 
members Fl to F3 and SI to S3. For example, the sensor 
5 sections 97, 98 each have three sensors. These sensors 
are capable of detecting the first link ring 34 and the 
second link ring 44 at a first height which corresponds 
to a state where the abutment portions 96 of the clamping 
members Fl to F3, SI to S3 are retracted from the peripheral 

10 surface of the waferW, at a second height which corresponds 
to a state where the clamping members Fl to F3, SI to S3 
clamp the wafer W in abutment against the peripheral surface 
of the wafer W, and at a third height which corresponds 
to a state where the abutment portions 96 of the clamping 

15 members Fl to F3, SI to S3 are located inwardly of a wafer 
peripheral surface position radially of the spin base 21 
in the absence of the wafer W on the spin base 21. The 
first height is the highest, and the second height is the 
second highest. The third height is the lowest. 

20 The wafer clamping state and wafer unclamping state 

of the clamping members Fl to F3 and SI to S3 and the absence 
of the wafer W on the spin base 21 are detected on the basis 
of outputs from the sensor sections 97, 98. 

Sensors for detecting the heights of the first and 

25 second non-rotative movable member s 68, 7 8 may additionally 
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be provided to check if the first and second link rings 
34, 44 are moved up and down in association with the up 
and down movements of the ball nuts 64 of the first and 
second ball thread mechanisms 61, 62. 
5 Fig. 8 is an exploded perspective view illustrating 

an arrangement for coupling the second link ring 44 and 
the lift member 46 of the link mechanism 41, 42, 43 . The 
three lift members 46 are provided upright on the upper 
surface of the second link ring 44 in 120-degree spaced 

10 relation. Two stepped through-holes 94 are formed at 
positions offset from the lift members 46 in 180-degree 
spaced relation on the upper surface of the second link 
ring 44. Bushes 93 are respectively fitted in the 
through-holes 94 . The guide pins 92 provided upright on 

15 the upper surface of the second rotative movable member 
82 are respectively inserted through the bushes 93. The 
guide pins 92 are fixedto the second rotative movable member 
82 with lower thread portions 92a thereof threadingly 
engaged with threaded holes 82a formed in the upper surface 

20 of the second rotative movable member 82. 

Thus, the guide pins 92 are respectively engaged 
with the bushes 93, whereby the rotation of the second 
rotative movable member 82 relative to the second link ring 
44 and the lift members 46 (for the link mechanisms 41, 

25 42, 43) is prevented. 
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Therefore, the lift members 46, the second link ring 
44 and the second rotative movable member 82 are moved up 
and down along the rotary shaft 25 without relative rotation 
thereof even during the co-rotation with the spin base 21, 
5 when the second non-rotative movable member 78 is moved 
up and down by the second ball thread mechanisms 62. 

In this embodiment, the clamping members Fl to F3 
and SI to S3 are composed of an electrically conductive 
resin (e.g., an electrically conductive PEEK 

10 (polyetheretherketone) , and components of the first and 
second movement convert ing mechani sms FT 1 , FT2 are composed 
of an electrically conductive resin or a metal (e.g., 
stainless steel (SUS) or the like) . Further, the lower 
plate 23 of the spin base 21 is composed of an electrically 

15 conductive material (e.g., SiC or aluminum) . The rotary 
shaft 25 connected to the lower plate 23 is composed of 
a metal such as SUS, and the casing (metal casing) of the 
motor 2 is grounded. 

With this arrangement, a grounding path is 

20 established, which extends from the clamping members Fl 
to F3 and SI to S3 to the casing of the motor 2 through 
the first and second movement converting mechanisms FT 1 , 
FT2, the lower plate 23 and the rotary shaft 25. Thus, 
electrostatic charges occurring due to friction between 

25 the wafer W and the treatment liquid (etching liquid or 
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deionized water) supplied to the surface of the wafer W 
can be released, whereby an electrostatic discharge damage 
to a device formed in the wafer W can be prevented. 

Since the removal of the electrostatic charges from 
5 the wafer W can be achieved by utilizing the driving 
mechanisms for the clamping members Fl to F3 and SI to S3 
during a spinning process, easier design and cost reduction 
can be realized without the need for additionally providing 
an electrostatic charge remover of discharge type or X-ray 

10 type. Where the discharge type electrostatic charge 
remover is employed, generation of metal particles is 
problematic. Where the X-ray type electrostatic charge 
remover is employed, X-ray safeguards are problematic. In 
contrast, the arrangement according to the present 

15 invention is free from these problems. 

Fig. 9 is a block diagram for explaining the 
electrical construction of the substrate treatment 
apparatus. A control section 100 including a 
microprocessor and the like controls the first and second 

20 motors Ml, M2 , the motor 2 for rotating the spin chuck 1, 
the rotative drive mechanism 9 and the lift drive mechanism 
7. The control section 100 further controls the opening 
and closing of the nitrogen gas supply valve 10, the 
deionized water supply valve 12, the deioni zed water supply 

25 valve 4 and the etching liquid supply valve 5. 
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When a wafer W is loaded onto the spin chuck 1 by 
a substrate transport robot not shown, the motor 2 and the 
rotative drive mechanism 9 are kept in halt under the control 
of the control section 100. Further, the control section 
5 100 controls the lift drive mechanism 7 to move the shield 
plate 6 to a retracted position above the spin chuck 1, 
and the valves 10, 12, 4 , 5 are kept closed under the control 
of the control section 100. 

The control section 100 controls the first and second 

10 motors Ml, M2 to move the first and second link rings 34, 
44 to an upper position (at the first height) . Thus, the 
clamping members Fl to F3 and SI to S3 are opened with the 
abutment portions 96 retracted radially outwardly of the 
spin base 21. In this sate, the substrate transport robot 

15 places the wafer W on the wafer support portions 95a of 
the plate portions 95 of the clamping members Fl to F3 and 
SI to S3. 

In this state, the control section 100 controls, 
for example, the first motor Ml to drive the first ball 

2 0 thread mechanisms 61soasto lower the ball nuts 64 . Thus , 
the first rotative movable member 81 is lowered, whereby 
the first link ring 34 is moved down and the lift members 
46 are moved down by the spring forces of the compression 
coil springs 58 and the gravity. As a result, the clamping 

25 members Fl to F3 are pivoted, so that the abutment portions 
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96 thereof are brought into abutment against the peripheral 
surface of the wafer W. Thus, the wafer W is clamped by 
the clamping members Fl to F3 . At this time, the clamping 
members SI to S3 are kept open (with the abutment portions 
5 96 thereof retracted from the peripheral surface of the 
wafer W) , because the electric motor M2 is not driven. 

Thereafter, the control section 100 energizes the 
motor 2 to rotate the spin chuck 1 (first substrate rotation 
step, rotation step, and substrate clamping/rotating step) . 
10 At the same time, the lift drive mechanism 7 is controlled 
to lower the shield plate 6 to the vicinity of the wafer 
W, and then the rotative drive mechanism 9 is energized 
to rotate the shield plate 6 in synchronization with the 
spin chuck 1 . 

15 Subsequently, the control section 100 opens the 

etching liquid supply valve 5 and the nitrogen gas supply 
valve 10. Thus, the etching liquid is supplied toward the 
center of the lower surface of the wafer W from the center 
nozzle 26 (treatment liquid supply step, treatment fluid 

20 supply step, etching liquid supply step) . The etching 
liquid flows radially outwardly over the lower surface of 
the wafer W and then over the peripheral surface of the 
wafer W onto the upper surface of the wafer W. The amount 
of the etching liquid flowing onto the upper surface of 

25 the wafer W is controlled by ejecting nitrogen gas from 
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the center of the shield plate 6. As a result, an etching 
process is performed to etch the entire rear surface of 
the wafer W, to etch away an unnecessary substance from 
the peripheral surface of the wafer W, and to etch away 
5 an unnecessary substance from the peripheral edge portion 
of the upper surface of the wafer W. 

In the midst of the etching process, the control 
section 100 drives the e 1 ect r i c mot or M2 to lower the second 
link ring 44, while continuously rotating the spin chuck 

10 1 . That is, the ball nuts 64 of the ball thread mechanisms 
62 are lowered, whereby the second link ring 44 is 
correspondingly loweredby spring forces of the compression 
coil springs 59 and the gravity. Thus, the lift members 
46 (of the link mechanisms 41, 42, 43) are lowered. 

15 Therefore, the clamping members SI to S3 are pivoted by 
the operation of the second movement converting mechanism 
FT2, whereby the wafer W is clamped by the clamping members 
SI to S3 with the abutment portions 96 thereof in abutment 
against the peripheral surface of the waferW ( intermediate 

20 state) . At this time, the clamping members Fl to F3 keep 
clamping the wafer W, so that the wafer W is clamped by 
all the six clamping members Fl to F3 and SI to S3 (second 
substrate rotation step) . 

In this state, the control section 100 further 

25 controls the electric motor Ml , while continuously rotating 
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the spin chuck 1. That is, the ball nuts 64 of the ball 
thread mechanisms 61 are lifted, whereby the first link 
ring 34 is correspondingly lifted against the spring forces 
of the compressing coil springs 58. As a result, the 
5 clamping members Fl to F3 are pivoted by the operation of 
the first movement converting mechanism FT 1 , so that the 
abutment portions 96 thereof are retracted from the 
peripheral surface of the wafer W. Thus, the clamping 
members Fl to F3 are opened in the wafer unclamping state 

10 (third substrate rotation step, second clamping step) . 
Therefore, the wafer W is thereafter clamped only by the 
clamping members SltoS3, whilebeing continuously rotated . 

Thus, the wafer clamping state is once switched from 
a first clamping state where the wafer W is clamped by the 

15 clamping members Fl to F3 to the intermediate state where 
the wafer W is clamped by all the clamping members Fl to 
F3 and SI to S3 and then to a second clamping state where 
the wafer W is clamped by the clamping members SI to S3 
during the rotation of the spin chuck 1 without stopping 

20 the rotation of the spin chuck 1 (switching step) . Thus, 
wafer clamping positions on the peripheral surface of the 
wafer W can be changed during the etching process performed 
by supplying the etching liquid to the wafer W. Therefore, 
the entire peripheral surface and peripheral edge portion 

25 of the wafer W can properly be treated without reduction 
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in productivity. 

In addition, the intermediate state where the wafer 
W is clamped by all the clamping members Fl to F3 and SI 
to S3 is present between the first clamping state where 
5 the wafer W is clamped by the clamping members Fl to F3 
and the second clamping state where the wafer W is clamped 
by the clamping members SI to S3. Therefore, the wafer 
is unlike lytobe slid even when the wafer clamping positions 
are changed. Hence, the apparatus is virtually free from 
10 the generation of particles. Further, the wafer W can 
assuredly be held by the spin chuck 1 even when the wafer 
clamping positions are changed. Hence, there is no 
possibility that the wafer W is spun out of the spin chuck 
1 . 

15 After thewaferWis treated with the etching liquid, 

the control section 100 closes the etching liquid supply 
valve 5 and opens the deionized water supply valves 4, 12. 
Thus, a deionized water rinse process is performed by 
supplying deionized water to the upper and lower surfaces 

20 of the wafer W. By transferring the wafer W between the 
clamping members Fl to F3 and the clamping members SI to 
S3 in the aforesaid manner during the deioni zed water rinse 
process, the entire surfaces of the wafer W can uniformly 
and properly be rinsed. 

25 Thereafter, the control section 100 closes the 
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deioni zed water supply valves 4 , 12, and controls the motor 
2 to rotate the spin chuck 1 at a high speed. Thus, a drying 
process is performed by spinning off water from the upper 
and lower surfaces of the wafer W. In the drying process, 
5 the wafer W is preferably transferred between the clamping 
members Fl to F3 and the clamping members SI to S3 in the 
aforesaid manner by switching the wafer clamping state from 
the first clamping state where the wafer W is clamped by 
the clamping members Fl to F3 and undamped by the clamping 

10 members SI to S3 (first substrate rotation step) through 
the intermediate state where the wafer W is clamped by all 
the clamping members Fl to F3 and SI to S3 (second substrate 
rotation step) to the second clamping state where the wafer 
W is clamped by the clamping members SI to S3 and undamped 

15 by the clamping members Fl to F3 (third substrate rotation 
step) while continuously rotating the spin chuck 1 . Thus, 
water droplets are prevented from remaining on the portions 
of the wafer W brought into abutment against the clamping 
members Fl to F3 and SI to S3. 

20 In the above explanation, the etching liquid is 

continuously supplied to the wafer W in the first to third 
substrate rotation steps in the etching process . However, 
it is merely necessary to supply the etching liquid to the 
wafer W at least in the first and third substrate rotation 

25 steps for proper treatment of the entire peripheral surface 
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and peripheral edge portion of the wafer W. 

After the third substrate rotation step, the wafer 
W may be once clamped by all the clamping members Fl to 
F3 and SI to S3 in the intermediate state, and then subjected 
5 again to the respective processes starting from the first 
substrate rotation step. 

Upon completion of the treatment of the wafer W, 
the abutment portions 96 of the respective clamping members 
Fl to F3 and SI to S3 are retracted from the peripheral 
10 surface of the wafer W, and then the treated wafer W is 
unloaded from the spin chuck 1 by the substrate transport 
robot - 

During the transfer of the wafer W between the 
clamping members Fl to F3 and the clamping members SI to 

15 S3, the control section 100 may control the motor 2 to 
continuously rotate the spin chuck 1 at a constant rotation 
S p eec j or/ as required, control the motor 2 to change the 
rotation speed of the spin chuck 1. In either case, the 
wafer W is once held in the intermediate state for the 

20 transferofthewaferW, so that the wafer W is not relatively 
rotated with respect to the spin chuck 1. Therefore, the 
generation of particles can be suppressed without sliding 
contact between the wafer W and any portion of the spin 
chuck 1 . 

25 Where it is desired to relatively rotate the wafer 
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W with respect to the spin chuck 1 when the wafer W is held 
in one of the first clamping state, the second clamping 
state and the intermediate state described above, the 
control section 100 controls the motors Ml, M2 to lift the 
5 link rings 34, 44, whereby the wafer W is slightly or 
completely released from the clamping members Fl to F3, 
SI to S3 (complete/slight release step) . In this state, 
the control section 100 controls the motor 2 to accelerate 
or decelerate the rotation of the spin chuck 1 

10 (acceleration/deceleration step) , whereby the wafer W is 
inertially rotated relative to the spin chuck 1. 
Thereafter, the wafer W is clamped again by the clamping 
members Fl to F3 and/or SI to S3 (re-clamping step) . 

In the above explanation, thewaferWis first clamped 

15 by the clamping members Fl to F3, and then transferred to 
the clamping members SI to S3. Alternatively, the wafer 
W may be first clamped by the clamping members SI to S3, 
and then transferred to the clamping members Fl to F3 . 

Fig. 10 is a diagram for explaining the construction 

20 of a substrate treatment apparatus according to a second 
embodiment of the present invention. A reference will be 
made again to Figs. 1, 3, 4 and 9 for the explanation of 
the second embodiment . 

The substrate treatment apparatus according to the 

25 second embodiment has substantially the same construction 
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as the apparatus according to the first embodiment, except 
that a spin chuck 1 thereof has a construction as illustrated 
in plan in Fig. 10. In this embodiment, the three clamping 
members Fl to F3 of the first clamping member set each have 
5 a first abutment portion A and a second abutment portion 
B, and the three clamping members SI to S3 of the second 
clamping member set each have a third abutment portion C 
and a fourth abutment portion D. 

Fig. 11 is a perspective view illustrating the 

10 construction of the clamping member Fl . The clamping 
member Fl includes a generally boat-shaped plate portion 
95, and the first abutment portion A and the second abutment 
portion B thereof are provided upright as substrate clamp 
pins at opposite ends of the plate portion 95. A wafer 

15 support portion 95a is provided on a pivot center of the 
plate portion 95. By pivoting the clamping member Fl about 
a vertical axis extending through the wafer support portion 
95a, the clamping member Fl can be brought into a state 
where the first abutment portion A abuts against the 

20 peripheral surface of the wafer W, a state where the second 
abutment portion B abuts against the peripheral surface 
of the wafer W, or a state where both the first abutment 
portion A and the second abutment portion B are retracted 
from the peripheral surface of the wafer W. That is, either 

25 the first abutment portion A or the second abutment portion 
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B can selectively be brought into abutment against the 
peripheral surface of the wafer W. The clamping members 
F2 , F3 each have the same construction as the clamping member 
Fl . 

5 The clamping members SI to S3 of the second clamping 

member set have the same construction as the clamping 
members Fl to F3 . That is, the clamping members SI to S3 
each have a generally boat-shaped plate portion 95, and 
the third abutment portion C and the fourth abutment portion 

10 D are provided upright as substrate clamp pins at opposite 
ends of the plate portion 95. A wafer support portion 95a 
is provided on a pivot center of the plate portion 95. By 
pivoting the clamping member SI to S3 about a vertical axis 
extending through the wafer support portion 95a, the 

15 clamping member SI to S3 can be brought into a state where 
the third abutment portion C abuts against the peripheral 
surface of the wafer W, a state where the fourth abutment 
portion D abuts against the peripheral surface of the wafer 
W, or a state where both the third abutment portion C and 

20 the fourth abutment portion D are retracted from the 
peripheral surface of the wafer W. That is, either the 
third abutment portion C or the fourth abutment portion 
D can selectively be brought into abutment against the 
peripheral surface of the wafer W. 

25 With the same arrangement as employed in the first 
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embodiment described above, the clamping members Fl to F3 
are operative in association with each other and, similarly, 
the clamping members SI to S3 are operative in association 
with each other. 
5 In the second embodiment, the wafer clamping state 

can selectively be switched among a state where the wafer 
W is clamped by the three first abutment portions A, a state 
where the wafer W is clamped by the three first abutment 
portions A and the three third abutment portions C, a state 

10 where the wafer W is clamped by the three first abutment 
portions A and the three fourth abutment portions D, a state 
where the wafer W is clamped by the three second abutment 
portions B, a state where the wafer W is clamped by the 
three second abutment portions B and the three third 

15 abutment portions C, a state where the wafer W is clamped 
by the three second abutment portions B and the three fourth 
abutment portions D, a state where the wafer Wis clamped 
by the three third abutment portions C, a state where the 
wafer W is clamped by the three fourth abutment portions 

20 D, and a state where the first to fourth abutment portions 
A to D are all retracted from the peripheral surface of 
the wafer W. 

Fig. 12 (a) is a partial sectional view illustrating 
an arrangement for transmitting the driving force between 
25 the first rotative movable member 81 and the lift member 
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46 for the clamping member Fl to F3, and Fig. 12(b) is a 
partial sectional view illustrating an arrangement for 
transmitting the driving force between the second rotative 
movable member 82 and the lift member 4 6 for the clamping 
5 member SI to S3. 

A bracket 81B having a generally inverted L-shape 
in section is fixed to the first rotative movable member 
81. The lift member 46 is inserted through an insertion 
hole 110 formed in the bracket 81B. A spring stopper pin 

10 111 extends through a portion of the lift member 46 between 
the bracket 81B and the lower plate 23 of the spin base 
21. A first compression coil spring 58A is wound around 
the lift member 46 between the bracket 81B and the spring 
stopper pin 111, and a second compression coil spring 58B 

15 is wound around the lift member 46 between the bracket 81B 
and the first link ring 34. 

With this arrangement, when the first rotative 
movable member 81 is lifted, the upward driving forces are 
transmitted to the lift members 46 through the first 

20 compression coil springs 58A to lift the lift members 46. 
Thus, the clamping members Fl to F3 are pivoted by the 
operation of the first movement converting mechanism FT 1 
to move the first abutment portions A toward the peripheral 
surface of the wafer W. With the first abutment portions 

25 A in abutment against the peripheral surface of the wafer 
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W, the first rotative movable member 81 is lifted against 
the spring forces of the first compression coil springs 
58A, whereby the wafer W is clamped by the first abutment 
portions A of the three clamping members Fl to F3 and 
5 resiliently held by the spring forces of the first 
compression coil springs 58A. 

Similarly, when the first rotative movable member 
81 is lowered, the downward driving forces are transmitted 
to the first link ring 34 and the lift members 46 through 

10 the second compression coil springs 58B to lower the lift 
members 4 6. Thus, the clamping members Fl toF3 are pivoted 
by the operation of the first movement converting mechanism 
FT1 to move the second abutment portions B toward the 
peripheral surface of thewaferW. With the second abutment 

15 portions B in abutment against the peripheral surface of 
the wafer W, the first rotative movable member 81 is lowered 
against the spring forces of the second compression coil 
springs 58B, whereby the wafer W is clamped by the second 
abutment portions B of the three clamping members Fl to 

20 F3 and resiliently held by the spring forces of the second 
compression coil springs 58B. 

The transmission of the driving forces between the 
second rotative movable member 82 and the lift members 46 
for the clamping members SI to S3 is achieved by the same 

25 arrangement as described above. That is, a bracket 82B 
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having a generally inverted L-shape in section is fixed 
to the second rotative movable member 82. The lift member 
46 is inserted through an insertion hole 120 formed in the 
bracket 82B. A spring stopper pin 121 extends through a 
5 portion of the lift member 46 between the bracket 82B and 
the lower plate 23 of the spin base. A first compression 
coil spring 59A is wound around the lift member 46 between 
the bracket 82B and the spring stopper pin 121, and a second 
compression coil spring 59B is wound around the lift member 

10 46 between the bracket 82B and the second link ring 44. 

With this arrangement, when the second rotative 
movable member 82 is lifted, the wafer W is resiliently 
held with the third abutment portions C of the clamping 
members SI to S3 in abutment against the peripheral surface 

15 of the wafer W. When the second rotative movable member 
82 is lowered, the wafer W is resiliently held with the 
fourth abutment portions D of the clamping members SI to 
S3 in abutment against the peripheral surface of the wafer 
W. 

20 Next, an explanation will be given to the flow of 

the treatment of the wafer W. 

When a wafer W is loaded onto the spin chuck 1 by 
the substrate transport robot not shown, the motor 2 and 
the rotative drive mechanism 9 are kept in halt under the 

25 control of the control section 100. Further, the control 
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section 100 controls the lift drive mechanism 7 to move 
the shield plate 6 to the retracted position above the spin 
chuck 1, and the valves 10, 12, 4, 5 are kept closed under 
the control of the control section 100. 
5 The control section 100 controls the first and second 

motors Ml / M2 to locate the first and second rotative movable 
members 81 , 8 2 at an intermediate height . The intermediate 
height is corresponds to a state where the clamping members 
Fl to F3 are opened with the first and second abutment 

10 portions A, B thereof retracted radially outwardly of the 
spin base 21 out of abutment against the peripheral surface 
of the wafer W, and the clamping members SI to S3 are opened 
with the third and fourth abutment portions C, D thereof 
retracted radially outwardly of the spin base 21 out of 

15 abutment against the peripheral surface of the wafer W(see 
Fig. 13 (a) ) . In this state, the substrate transport robot 
places the wafer W on the wafer support portions 95a of 
the plate portions 95 of the clamping members Fl to F3 and 
SI to S3. 

20 In this state, the control section 100 controls, 

for example, the first motor Ml to drive the first ball 
thread mechanisms 61 so as to lift the ball nuts 64. Thus, 
the first rotative movable member 81 is lifted, so that 
the lift members 4 6 are moved up by the upward driving forces 

25 received from the compression coil springs 5 8A. As a result, 
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the clamping members Fl to F3 are pivoted, whereby the first 
abutment portions A thereof are brought into abutment 
against the peripheral surface of the wafer W. Thus, the 
wafer W is clamped by the first abutment portions A of the 
5 clamping members Fl to F3 as schematically illustrated in 
Fig- 13(b) . At this time, the clamping members SI to S3 
are kept open (with the third and fourth abutment portions 
C, D thereof retracted from the peripheral surface of the 
wafer W), because the electric motor M2 is not driven. 

10 Thereafter, the control section 100 energizes the 

motor 2 to rotate the spin chuck 1 (first substrate rotation 
step) . At the same time, the lift drive mechanism 7 is 
controlled to lower the shield plate 6 to the vicinity of 
the wafer W, and then the rotative drive mechanism 9 is 

15 energized to rotate the shield plate 6 in synchronization 
with the spin chuck 1. 

Subsequently, the control section 100 opens the 
etching liquid supply valve 5 and the nitrogen gas supply 
valve 10. Thus, the etching liquid is supplied toward the 

20 center of the lower surface of the wafer W from the center 
nozzle 26 (treatment liquid supply step, etching liquid 
supply step) . The etching liquid flows radially outwardly 
over the lower surface of the wafer W and further flows 
over the peripheral surface of the wafer W onto the upper 

25 surface of the wafer W. The amount of the etching liquid 
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flowing onto the upper surface of the wafer W is controlled 
by ejecting nitrogen gas from the center of the shield plate 
6. As a result, the etching process is performed to etch 
the entire rear surface of the wafer W, to etch away an 
5 unnecessary substance from the peripheral surface of the 
wafer W, and to etch away an unnecessary substance from 
the peripheral edge portion of the upper surface of the 
wafer W. 

In the midst of the etching process, the control 

10 section 100 drives the electric motor M2 to lift the second 
rotative movable member 82, while continuously rotating 
the spin chuck 1. That is, the ball nuts 64 of the ball 
thread mechanisms 62 are lifted, so that the lift members 
46 of the link mechanisms 41, 42, 43 are correspondingly 

15 lifted by upward forces received from the first compression 
coil springs 59A. Therefore, the clamping members SI to 
S3 are pivoted by the operation of the second movement 
converting mechanism FT2 . Thus, the wafer W is clamped 
by the clamping members SI to S3 with the third abutment 

20 portions C thereof in abutment against the peripheral 
surface of the wafer W (intermediate state) . At this time, 
the first abutment portions A of the clamping members Fl 
to F3 keep clamping the wafer W, so that the wafer W is 
clamped by the six abutment portions A, C of the clamping 

25 members Fl to F3 and SI to S3 as shown in Fig. 13 (c) (second 
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substrate rotation step) . 

In this state, the control section 100 further 
controls the electric mo tor Ml , while continuously rotating 
the spin chuck 1. That is, the ball nuts 64 of the ball 
5 thread mechanisms 61 are lowered to lower the first rotative 
movable member 81 to the intermediate height . As a result, 
the lift members 46 are lowered, and the clamping members 
Fl to F3 are pivoted by the operation of the first movement 
converting mechanism FT 1 , whereby the first abutment 

10 portions A of the clamping members Fl to F3 are retracted 
from the peripheral surface of the wafer W. Thus, the 
clamping members Fl to F3 are opened in the wafer unclamping 
state (third substrate rotation step) . Therefore, the 
wafer W is thereafter clamped by the three third abutment 

15 portions C of the clamping members SI to S3 as shown in 
Fig. 13(d), while being continuously rotated. 

In this state, the control section 100 further 
controls the electric motor Ml, while continuously rotating 
the spin chuck 1. That is, the ball nuts 64 of the ball 

20 thread mechanisms 61 are lowered, so that the first rotative 
movable member 81 is further lowered from the intermediate 
height. As a result, the lift members 46 are lowered, and 
the clamping members Fl to F3 are pivoted by the operation 
of the first movement converting mechanism FT 1 , whereby 

25 the second abutment portions B of the clamping members Fl 
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to F3 are brought into abutment against the peripheral 
surface of the wafer W. Thus, the wafer W is clamped by 
the three second abutment portions B of the clamping members 
Fl to F3 and the three third abutment portions C of the 
5 clamping members SI to S3 as shown in Fig. 13(e), while 
being continuously rotated (fourth substrate rotation 
step) . 

In this state, the control section 100 drives the 
electric motor M2 to lower the second rotative movable 

10 member 82 to the intermediate height, while continuously 
rotating the spin chuck 1. That is, the ball nuts 64 of 
the ball thread mechani sms 62 are lowered, so that the lift 
members 46 of the link mechanisms 41, 42, 43 are 
correspondingly lowered . Therefore, the clamping member s 

15 SI to S3 are pivoted by the operation of the second movement 
converting mechanism FT2, whereby the third abutment 
portions C of the clamping members SI to S3 are retracted 
from the peripheral surface of the wafer W .' Thus , the wafer 
W is clamped by the three second abutment portions B of 

20 the clamping members Fl to F3 as shown in Fig. 13(f) (fifth 
substrate rotation step) . In this manner, the wafer W is 
transferred from the first abutment portions A to the second 
abutment portions B of the clamping members Fl to F3 
(abutment portion switching step). 

25 Thereafter, the control section 100 further drives 
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the electric motor M2 to further lower the second rotative 
movable member 82 from the intermediate height, while 
continuously rotating the spin chuck 1. The lift members 
46 are correspondingly lowered, and the clamping members 
5 SI to S3 are pivoted by the operation of the second movement 
converting mechanism FT2, whereby the fourth abutment 
portions D of the clamping members SI to S3 are brought 
into abutment against the peripheral surface of the wafer 
W . Thus , thewaferW is clamped bythethree second abutment 

10 portions B of the clamping members Fl to F3 and the three 
fourth abutment portions D of the clamping members SI to 
S3 as shown in Fig. 13(g) (sixth substrate rotation step) . 

In this state, the control section 100 controls the 
electric motor Ml, while continuously rotating the spin 

15 chuck 1. That is, the ball nuts 64 of the ball thread 
mechanisms 61 are lifted to lift the first rotative movable 
member 81 to the intermediate height. As a result, the 
lift members 46 are lifted, and the clamping members Fl 
to F3 are pivoted by the operation of the first movement 

20 converting mechanism FT 1 , whereby the second abutment 
portions B of the clamping members Fl to F3 are retracted 
from the peripheral surface of the wafer W. Thus, the wafer 
W is clamped by the three fourth abutment portions D of 
the clamping members SI to S3 as shown in Fig. 13 (h) , while 

25 being continuously rotated (seventh substrate rotation 
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step) . Thus, the wafer W is transferred from the third 
abutment portions C to the fourth abutment portions D of 
the clamping members SI to S3 (abutment portion switching 
step) . 

5 Where the entire peripheral surface of the wafer 

W is to be treated for a predetermined period T (e.g., 60 
seconds), the first, third, fifth and seventh substrate 
rotation steps are each performed for a period T/3 (e.g., 
20 seconds) . Thus, the etching liquid can be supplied to 

10 theportionsofthe peripheral surfaceof thewaferW clamped 
switchably by the first to fourth abutment portions A to 
D for the predetermined period T. Therefore, the time 
required for the etching process per wafer W is the total 
of the predetermined period T and the time required for 

15 the second, fourth and sixth substrate rotation steps. 
Accordingly, the process time can be minimized by reducing 
the time required for the second, fourth and sixth substrate 
rotation steps as much as possible. 

In the aforesaid first embodiment, on the other hand, 

20 the first and third substrate rotation steps should each 
be performed for the predetermined period T in order to 
supply the etching liquid to the portions of the wafer W 
clamped switchably by the abutment portions 96 of the 
clamping members Fl to F3 and SI to S3 for the predetermined 

25 period T. That is, the time required for the etching 
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process is the total of twice the prede t ermine d per iod (e.g., 
120 seconds) and the time required for the second substrate 
rotation step. 

Thus, the time required for the etching process can 
5 drastically be reduced according to the second embodiment . 

As described above, the substrate clamping state 
is switched from a first clamping state where the wafer 
W is clamped by the first abutment portions A through a 
first intermediate state where the wafer W is clamped by 

10 the first abutment portions A and the third abutment 
portions C to a second clamping state where the wafer W 
is clamped by the third abutment portions C, then switched 
from the second clamping state through a second intermediate 
state where the wafer W is clamped by the third abutment 

15 portions C and the second abutment portions B to a third 
clamping state where the wafer W is clamped by the second 
abutment portion B, and switched from the third clamping 
state through a third intermediate state where the wafer 
W is clamped by the second abutment portions B and the fourth 

20 abutment portions D to a fourth clamping state where the 
wafer W is clamped by the fourth abutment portions D during 
the rotation of the spin chuck 1 without stopping the 
rotation of the spin chuck 1. Thus, the wafer clamping 
positions on the peripheral surface of the wafer W can be 

25 changed during the supply of the etching liquid to the wafer 
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W. Therefore, the entire peripheral surface and 
peripheral edge portion of the wafer W can properly be 
treated without reduction in productivity. 

In addition, the wafer clamping state is once 
5 switched from a state where the wafer W is clamped by the 
clamping members Fl to F3 to an intermediate state where 
the wafer W is clamped by the clamping members Fl to F3 
and SI to S3, and then switched to a state where the wafer 
W is clamped by the clamping members SI to S3 as in the 

10 aforesaid first embodiment. Therefore, the wafer W is 
unlikely to be slid even when the wafer clamping positions 
are changed. Further, the wafer W can assuredly be held 
even when the wafer clamping positions are changed. 

After the waferWis treated with the etching liquid, 

15 the control section 100 closes the etching liquid supply 
valve 5 and opens the deionized water supply valves 4, 12. 
Thus, the deionized water rinse process is performed by 
supplying deionized water to the upper and lower surfaces 
of the wafer W. By transferring the wafer W among the first 

20 to fourth abutment portions A to D in the aforesaid manner 
during the deionized water rinse process, the entire 
surfaces of thewaferWcan uniformly and properly be rinsed, 
and the time required for the rinse process can be reduced. 

Thereafter, the control section 100 closes the 

25 deionized water supply valves 4 , 12, and controls the motor 
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2 to rotate the spin chuck 1 at a high speed. Thus, the 
drying process is performed by spinning off water from the 
upper and lower surfaces of the wafer W. In the drying 
process, the wafer W is preferably transferred among the 
5 first to fourth abutment portions A to D by performing the 
aforesaid first to seventh substrate rotation steps while 
continuously rotating the spin chuck 1. Thus, water 
droplets are prevented from remaining on the portions of 
the wafer W brought into abutment against the clamping 

10 members Fl to F3 and SI to S3. 

In the above explanation, the etching liquid is 
continuously supplied to the wafer W in the first to seventh 
substrate rotation steps in the etching process . However, 
it is merely necessary to supply the etching liquid to the 

15 wafer W at least in the first, third and seventh substrate 
rotation steps for proper treatment of the en tire peripheral 
surface and peripheral edge portion of the wafer W. 

After the seventh substrate rotation step, the wafer 
W may be once clamped in an intermediate state by the fourth 

20 abutment portions D and the first abutment portions A 
(eighth substrate rotation step, see Fig. 13 (i) ) and then 
subjected again to the respective processes starting from 
the first substrate rotation step (see Fig. 13(b)). 

Upon completion of the treatment of the wafer W, 

25 the first to fourth abutment portions A, B, C, D of the 
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clamping members Fl to F3 and SI to S3 are retracted from 
the peripheral surface of the wafer W (see Fig. 13(a)), 
and then the treated wafer W is unloaded from the spin chuck 
1 by the substrate transport robot. 
5 Fig. 14 is a sectional view for explaining the 

construction of a substrate treatment apparatus according 
to a third embodiment of the present invention. In Fig. 
14, components corresponding to those shown in Fig. 4 are 
denoted by the same reference characters as in Fig. 4. 

10 In the embodiments described above, the first 

bearing 71 transmits the driving force between the first 
non-rotative movable member 68 and the first rotative 
movable member 81, while permitting the relative rotation 
of the first rotative movable member 81 with respect to 

15 the first non-rotative movable member 68 about the rotary 
shaft 25. The second bear ing 7 2 transmits the driving force 
between the second non-rotative movable member 78 and the 
second rotative movable member 82, while permitting the 
relative rotation of the second rotative movable member 

20 82 with respect to the second non-rotative movable member 
78 about the rotary shaft 25. 

In thi-s embodiment, on the other hand, a plurality 
of rolls 201 (at least two rolls 201) are provided on an 
upper surface of the first non-rotative movable member 68, 

25 and a plurality of rolls 202 (at least two rolls 202) are 
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provided on an upper surface of the second non-rotative 
movable member 78. The rolls 201 and the rolls 202 roll 
along circular tracks about the rotary shaft 25 in contact 
with a rolling surface 204 formed on a lower surface of 
5 the first ring-shaped rotative movable member 81 and a 
rolling surface 205 formed on a lower surface of the second 
ring-shaped rotative movable member 82, respectively. 
This arrangement allows for the relative rotation of the 
first rotative movable member 81 with respect to the first 

10 non-rotative movable member 68 about the rotary shaft 25 
and the transmission of the driving force from the first 
non-rotative movable member 68 to the first rotative movable 
member 81. Further, this arrangement allows for the 
relative rotation of the second rotative movable member 

15 82 with respect to the second non-rotative movable member 
78 about the rotary shaft 25 and the transmission of the 
driving force from the second non-rotative movable member 
78 to the second rotative movable member 82. 

When the lift members 46 of the link mechanisms 31, 

20 32, 33 of the first movement converting mechanism FT 1 are 
lowered to the lowermost height, the first non-rotative 
movable member 68 is lowered to a position at which the 
rolls201do not contact the rolling surface 204. Similarly, 
when the lift members 46 of the link mechanisms 41, 42, 

25 43 of the second movement converting mechanism FT2 are 
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lowered to the lowermost height, the second non-rotative 
movable member 78 is lowered to a position at which the 
rolls 202 do not contact the rolling surface 205. The 
second rotative movable member 82 providing the rolling 
5 surface 205 is connected to lower ends of the lift members 
46 and the guide shafts 49. 

The rolls 201 and the rolls 202 are provided on the 
upper surfaces of the first non-rotative movable member 
68 and the second non-rotative movable member 78, 

10 respectively. For example, f our ro 1 1 s 2 0 1 may be di spo s ed 
at positions RP1 (see Fig. 6) on the upper surface of the 
first non-rotative movable member 68, and four rolls 202 
may be disposed at positions RP2 (see Fig. 6) on the upper 
surface of the second non-rotative movable member 78. In 

15 Fig. 6, the roll positions PR1 are located in pairs on 
opposite sides of the two first ball thread mechanisms 61, 
61 which are provided in opposed relation with the rotary 
shaft 25 interposed therebetween. Similarly, the roll 
positions PR2 are located in pairs on opposite sides of 

20 the two second ball thread mechanisms 62, 62 which are 
provided in opposed relation with the rotary shaft 25 
interposed therebetween. 

Of course, the arrangements of the rolls 201 and 
the rolls 202 may be modified. For example, three rolls 

25 may be disposed on the upper surface of each of the first 
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non-rotative movable member 68 and the second non-rotative 
movable member 78. Alternatively, five rolls may be 
disposed on the upper surface of each of the first 
non-rotative movable member 68 and the second non-rotative 
5 movable member 78. 

Further, the first non-rotative movable member 68 
and the second non-rotative movable member 78 are not 
necessarily required to have a ring shape, but may have 
any of various configurations as long as the rolls 201 and 

10 the rolls 202 can be moved up and down in association with 
the movements of the first ball thread mechanisms 61 and 
the second ball thread mechanisms 62. 

For example, a pair of movable members provided in 
the vicinity of the pair of first ball thread mechanisms 

15 61, 61 may be employed instead of the first non-rotative 
movable member 68. In this case, rolls 201, 201 are 
respectively provided on the movable members, and the 
movable members are respectively moved up and down by the 
first ball thread mechanisms 61, 61. The pair of first 

20 ball thread mechanisms 61, 61 are interlocked by the 
ring-shaped. first gear 54, so that the pair of movable 
members are movable up and down in association with each 
other. Of course, the second non-rotative movable member 
78 may also be modified in this manner. 

25 Fig. 15 is a sectional view for explaining the 



101 

construction of a substrate treatment apparatus according 
to a fourth embodiment of the present invention. In Fig. 
15, components corresponding to those shown in Fig. 14 are 
denoted by the same reference characters as in Fig. 14. 
5 In this embodiment, a plurality of rolls 211 (at 

least two rolls 211) are provided on the lower surface of 
the first rotative movable member 81, and a plurality of 
rolls 212 (at least two rolls 212) are provided on the lower 
surface of the second rotative movable member 82. Therolls 

10 211 and the rolls 212 roll along circular tracks about the 
rotary shaft 25 in contact with a rolling surface 214 formed 
on the upper surface of the first ring-shaped non-rotative 
movable member 68 and a rolling surface 215 formed on the 
upper surface of the second ring-shaped non-rotative 

15 movable member 78, respectively. Thi s arrangement al lows 
for the relative rotation of the first rotative movable 
member 81 with respect to the first non-rotative movable 
member 68 about the rotary shaft 25 and the transmission 
of the driving force from the first non-rotative movable 

2 0 member 6 8 to the first rotative movable member 81 . Further, 
this arrangement allows for the relative rotation of the 
second rotative movable member 82 with respect to the second 
non-rotative movable member 78 about the rotary shaft 25 
and the transmission of the driving force from the second 

25 non-rotative movable member 78 to the second rotative 
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movable member 82. 

When the lift members 46 of the link mechanisms 31, 
32, 33 of the first movement converting mechanism FT 1 are 
lowered to the lowermost height, the first non-rotative 
5 movable member 68 is lowered to a position at which the 
rolls 211 do not contact the rolling surface 214. Similarly, 
when the lift members 46 of the link mechanisms 41, 42, 
43 of the second movement converting mechanism FT2 are 
lowered to the lowermost height, the second non-rotative 

10 movable member 78 is lowered to a position at which the 
rolls 212 do not contact the rolling surface 215. The 
second rotative movable member 82 to which the rolls 212 
are fixed is connected to lower ends of the lift members 
46 and the guide shafts 49. 

15 The rolls 211 and the rolls 212. are provided on the 

lower surfaces of the first rotative movable member 81 and 
the second rotative movable member 82, respectively. For 
example, the rolls 211 may be disposed on the lower surface 
of the first rotative movable member 81 below the guide 

20 shafts 47 (see Fig. 3) , and the rolls 212 may be disposed 
on the lower surface of the second rotative movable member 
82 below the guide shafts 49 (see Fig. 3) . That is, three 
rolls are provided as the rolls 211 or 212, which are arranged 
e qui angularly around the rotary shaft 25 in this embodiment . 

25 Of course, the arrangements of the rolls 211 and 
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the rolls 212 may be modified. For example, two or four 
or more rolls may be disposed on the lower surface of each 
of the first rotative movable member 81 and the second 
rotative movable member 82. 
5 Further, the first rotative movable member 81 and 

the second rotative movable member 82 are not necessarily 
required to have a ring shape, but may have any of various 
configurations as long as the rolls 211 and the rolls 212 
can roll along the rolling surfaces 214 and 215 formed on 

10 the upper surfaces of the first non-rotative movable member 
68 and the second non-rotative movable member 78, 
respectively . 

For example, a rotative movable member fixed to the 
lower ends of the lift members 46 of the link mechanisms 

15 31, 32, 33 of the first movement converting mechanism FT 1 
may be employed instead of the first rotative movable member 
81, and rolls 211 maybe fixedto the rot at ive mo vabl e member . 
The second rotative movable member 81 may also be modified 
in this manner. 

20 Inthiscase, however, bushes216, 2 1 7 are pre fer ably 

provided on the lower plate 23 of the spinbase 21 as vertical 
guide means for vertically guiding the lift members 46, 
as shown in Fig. 16. In this case, the guide shafts 47, 
49 and the bushes 48 as vertical guide means for the guide 

25 shafts 47, 49 are not required. 
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Fig. 17 is a sectional view for explaining the 
construction of a substrate treatment apparatus according 
to a fifth embodiment of the present invention. In Fig. 
17, components corresponding to those shown in Figs. 14 
5 and 15 are denoted by the same reference characters as in 
Figs. 14 and 15. 

In this embodiment, rolls 201 are provided on the 
upper surface of the first non-rotative movable member 68. 
The rolls 201 roll along a rolling surface 204 formed on 

10 the lower surface of the first rotative movable member 81. 
Further, rolls 212 are provided on the lower surface of 
the second rotative movable member 82. The rolls 212 roll 
along a rolling surface 215 formed on the upper surface 
of the second non-rotative movable member 78. That is, 

15 this embodiment employs the arrangement of the third 
embodiment and the arrangement of the fourth embodiment 
in combination . 

Therefore, the arrangement associated with the 
first non-rotative movable member 68 may be modified in 

20 the same manner as described in the third embodiment, and 
the arrangement associated with the second rotative movable 
member 82 may be modified in the same manner as described 
in the fourth embodiment. 

Of course, rolls 202 may be provided on the upper 

25 surface of the second non-rotative movable member 78, so 
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that the rolls 202 can roll along a rolling surface 205 
formed on the lower surface of the second rotative movable 
member 82 (see Fig. 14). Further, rolls 211 maybe provided 
on the lower surface of the first rotative movable member 
5 81, so that the rolls 211 can roll along a rolling surface 
214 formed on the upper surface of the first non-rotative 
movable member 68 (see Fig.' 15) . 

In this case, the arrangement associated with the 
second non-rotative movable member 78 may be modified in 

10 the same manner as described in the third embodiment, and 
the arrangement associated wi th the first rotative movable 
member 81 may be modified in the same manner as described 
in the fourth embodiment. 

Although the rolls are employed as rolling members 

15 in the third, fourth and fifth embodiments, spherical 
members (balls) may be employed instead of the rolls. 
Alternatively, toothed rolls (gears) may be employed . In 
this case, circular gear portions (racks) to be meshed wi th 
the toothed rolls may respectively be provided along the 

20 tracks of the toothed rolls on the rolling surfaces 204, 
205, 214, 215. 

Fig. 18 is a sectional view for explaining the 
construction of a substrate treatment apparatus according 
to a sixth embodiment of the present invention. In Fig. 

25 18, components corresponding to those shown in Fig. 14 are 
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denoted by the same reference characters as in Fig- 14. 

In this embodiment, permanent magnets 221 and 222 
are respectively fixed onto the upper surfaces of the first 
non-rotative movable member 68 and the second non-rotative 
5 movable member 78. Permanent magnets 224 and 225 are 
respectively fixed onto the lower surfaces of the first 
rotative movable member 81 and the second rotative movable 
member 82. The permanent magnets 221 and 224 are disposed 
in vertically opposed relation with their opposed poles 

10 having the same polarity (N-pole or S-pole) . When the 
permanent magnet 221 is sufficiently close to the permanent 
magnet 224, the permanent magnet 224 is magnetically 
levitated above the permanent magnet 221 by a repulsive 
force occurring therebetween. Similarly, the permanent 

15 magnets 222 and 225 are disposed in vertically opposed 
relation with their opposed poles having the same polarity 
(N-pole or S-pole) . When the permanent magnet 222 is 
sufficiently close to the permanent magnet 225, the 
permanent magnet 225 is magnetically levitated above the 

20 permanent magnet 222 by a repulsive force occurring 
therebetween . 

This arrangement permits the relative rotation of 
the first rotative movable member 81 with respect to the 
first non-rotative movable member 68 about the rotary shaft 

25 25, and allows for the transmission of the driving force 
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from the first non-rotative movable member 68 to the first 
rotative movable member 81 when the first non-rotative 
movable member 68 is lifted. Further, this arrangement 
permits the relative rotation of the second rotative movable 
5 member 82 with respect to the second non-rotative movable 
member 78 about the rotary shaft 25, and allows for the 
transmission of the driving force from the second 
non-rotative movable member 78 to the second rotative 
movable member 82 when the second non-rotative movable 

10 member 78 is lifted. 

The permanent magnets 221, 222, 224, 225 may each 
have a ring shape as surrounding the rotary shaft 25. Where 
one of the permanent magnets 221, 224 provided in pair in 
opposed relation has a ring shape, the other permanent 

15 magnet is not necessarily required to have a ring shape, 
but may include a plurality of permanent magnet pieces (e.g., 
three or more permanent magnet pieces) preferably 
equiangular ly disposed in opposed relation to the 
ring-shaped permanent magnet with the opposed poles of the 

20 ring-shaped permanent magnet and the permanent magnet 
pieces having the same polarity. The other pair of 
permanent magnets 222, 225 disposed in opposed relation 
may also be modified in this manner. 

Further, electromagnetic devices may be employed 

25 instead of the permanent magnets. Where the 
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electromagnetic devices are employed, however, electric 
wiring is required. Therefore, it is preferred that the 
electromagnetic devices are provided on the first 
non-rotative movable member 68 and/or the second 
5 non-rotative movable member 78, and the permanent magnets 
are provided on the first rotative movable member 81 and 
the second rotative movable member 82. 

Fig. 19 is a sectional view for explaining the 
construction of a substrate treatment apparatus according 

10 to a seventh embodiment of the present invention. In Fig. 
19, components corresponding to those shown in Fig. 14 are 
denoted by the same reference characters as in Fig. 14. 

In this embodiment, the first non-rotative movable 
member 68 and the second non-rotative movable member 78 

15 respectively have gas ejecting portions 231 and 232 for 
ejecting a gas upward. The pressures of the gas ejected 
from the gas ejecting portions 231 and 232 are respectively 
received by a pressure receiving surface 234 formed on the 
lower surface of the first rotative movable member 81 and 

20 a pressure receiving surface 235 formed on the lower surface 
of the second rotative movable member 82. The pressure 
receiving surfaces 234, 235 of the first rotative movable 
member 81 and the second rotative movable member 82 each 
have a ring shape centered on the rotary shaft 25 and are 

25 each contained in a plane perpendicular to the rotary shaft 
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25. 

With this arrangement, when the first non-rotative 
movable member 68 is liftedtobringthe gas ejecting portion 
231 thereof sufficiently close to the pressure receiving 
5 surface 234, the first rotative movable member 81 can be 
levitated by the pressure of the ejected gas. Similarly, 
when the second non-rotative movable member 78 is lifted 
to bring the gas ejecting portion 232 thereof sufficiently 
close to the pressure receiving surface 235, the second 

10 rotative movable member 82 can be levitated by the pressure 
of the ejected gas. 

That is, the transmission of the driving force from 
the first non-rotative movable member 68 to the first 
rotative movable member 81 can be achieved, while the 

15 relative rotation of the first rotative movable member 81 
with respect to the first non-rotative movable member 68 
about the rotary shaft 25 is permitted. Further, the 
transmission of the driving force from the second 
non-rotative movable member 78 to the second rotative 

20 movable member 82 can be achieved, while the relative 
rotation of the second rotative movable member 82 with 
respect to the second non-rotative movable member 78 about 
the rotary shaft 25 is permitted. 

As illustrated on a greater scale in Fig. 20, the 

25 gas ejecting portions 231, 232 each include a ring-shaped 
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duct 236, 237 centered on the rotary shaft 25 and having 
a rectangular cross section, and a plurality of gas ejection 
ports (holes or slits) 238, 239 provided in an upper face 
of the duct 236, 237. The gas (air or an inert gas such 
5 as nitrogen gas) is supplied to the ducts 236, 237 from 
a pressurized gas supply source 245 through gas supply 
passages 241, 242 under pressure. 

The ducts 236, 237 are not necessarily required to 
have a ring shape, but may each be partitioned in a plurality 

10 of duct portions arranged in spaced relation 

circumf er ent ial ly along the ring-shaped pressure 
receiving surface 234, 235. 

Alternatively, ring-shaped pressure receiving 
surfaces may respectively be provided on the upper surfaces 

15 of the first non-rotative movable member 68 and the second 
non-rotative movable member 78, and the first rotative 
movable member 81 and the second rotative movable member 
82 may respectively be provided with gas ejecting portions 
for ejecting the gas downward toward the pressure receiving 

20 surfaces. Further, ring-shaped pressure receiving 

surfaces may respectively be provided on the upper surface 
of the first non-rotative movable member 68 and on the lower 
surface of the second rotative movable member 82, and the 
first rotative movable member 81 and the second non-rotative 

25 movable member 78 may respectively be provided with a gas 
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ejecting portion for ejecting the gas downward and a gas 
ejecting portion for ejecting the gas upward. Similarly, 
ring-shaped pressure receiving surfaces may respectively 
be provided on the lower surface of the first rotative 
5 movable member 81 and on the upper surface of the second 
non-rotative movable member 78, and the first non-rotative 
movable member 68 and the second rotative movable member 
8 2 may respectively be provided with a gas ejecting portion 
for ejecting the gas upward and a gas ejecting portion for 
10 ejecting the gas downward. In these cases, however, the 
compressed gas should be supplied to the rotary components, 
so that the gas supply passages may each have a complicated 
structure . 

As described above, the bearing mechanisms shown 
15 in Fig. 4, the rolling mechanisms shown in Fig. 14 and the 
like, the magnetic levitation mechanisms shown in Fig. 18 
or the pneumatic levitation mechanisms shown in Fig. 19 
can be employed as the driving force transmission mechanisms 
for transmitting the driving forces from the non-rotative 
20 movable members 68, 78 to the rotative movable members 81, 
82. For the transmission of the driving force from the 
first non-rotative movable member 68 to the first rotative 
movable member 81 and for the transmission of the driving 
force from the second non-rotative movable member 78 to 
25 the second rotative movable member 82, the same type of 
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driving force transmission mechanisms are not necessarily 
required, but different types of driving force transmission 
mechanisms may be employed in combination. 

Fig. 21 is a diagram for explaining the construction 
5 of a substrate treatment apparatus according to an eighth 
embodiment of the present invention, and illustrates the 
internal construction of a spin chuck in plan. In Fig. 
21, components corresponding to those shown in Fig. 3 are 
denoted by the same reference characters as in Fig. 3. For 

10 explanation of this embodiment, a reference is made again 
to Figs . 3 , 4 and 9 . 

In this embodiment, the clamping members SI to S3 
(see Fig* 3) employed in the first embodiment are not 
provided, but only the three clamping members Fl to F3 are 

15 provided for clamping a wafer W. Further, the second 
movement converting mechanism FT2 (see Fig. 3) is not 
provided, but only the first movement converting mechanism 
FT1 is provided for operating the clamping members Fl to 
F3 in association with each other. This embodiment 

20 correspondingly differs from the first embodiment, and the 
secondmotor M2 and the driving force t r ansmi s s ion mechani sm 
for transmitting the driving force from the second motor 
M2 to the second movement converting mechanism FT2 (the 
second ball thread mechanism 62, the bearing 53, the second 

25 gear 55, the second bearing 72, the second non-rotative 
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movable member 78, the second rotative movable member 82 
and the like shown in Fig. 4) are obviated. 

In this embodiment, the spin chuck 1 is rotated with 
thewaferW clamped by the clamping member s Fl to F3 (rotation 
5 step) . During this period, the control section 100 

controls the motor Ml to lift the link ring 34, whereby 
the wafer W is slightly or completely released from the 
clamping members Fl to F3 (complete/slight release step) . 
In this state, the control section 100 accelerates or 

10 decelerates the rotation of the motor M 

(acceleration/deceleration step) , whereby the wafer W is 
inertially rotated relative to the spin base 21. Therefore, 
the clamping members Fl to F3 are moved relative to the 
wafer W. When the link member 34 is lowered again for 

15 clamping the wafer W by the clamping members Fl to F3 
(re-clamping step), the wafer clamping positions are 
changed during the rotation of the wafer W. 

With this arrangement, the wafer clamping positions 
can be changed without stopping the rotation of the spin 

20 chuck 1. Therefore, the entire peripheral edge portion 
of the wafer W can uniformly be treated without reduction 
in productivity. 

Fig . 2 2 is a diagram for explaining a ninth embodiment 
of the present invention and, particularly, a perspective 

25 view illustrating the common construction of clamping 
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members 300 employed instead of the clamping members Fl 
to F3 shown in Fig. 21. The clamping members 300 each 
include a base plate portion 320, a support portion 321 
provided on the base portion 32 0 for supporting a peripheral 
5 edge portion of a lower surface of a wafer W, and first 
and second abutment portions 331, 332 for clamping the wafer 
W in abutment against a peripheral surface of the wafer 
W. The base portion 320 is connected to the shaft 35. The 
support portion 321 is located above the rotation axis 35a 

10 of the shaft 35. 

By rotating the clamping member 300 about the 
rotation axis 35a, the first and second abutment portions 
331, 332 are moved toward and away from the peripheral 
surface of the wafer W. Thus, the clamping member 300 can 

15 selectively assume a first clamping position where the first 
abutment portion 331 clamps the wafer W in abutment against 
the peripheral surface of the wafer W, a second clamping 
position where the second abutment portion 332 clamps the 
wafer W in abutment against the peripheral surface of the 

20 wafer W, and a retracted position where both of the first 
and second abutment portions 331, 332 are retracted from 
the peripheral surface of the wafer W. When an untreated 
wafer W is loaded into the substrate treatment apparatus 
and held on the spin chuck 1, or when a treated wafer W 

25 is unloaded from the spin chuck 1, the clamping members 
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300 each assume the retracted position. 

With this arrangement, the control section 100 
controls the motor Ml to operate the clamping members 300 
so as to selectively bring the first and second abutment 
5 portions 331, 332 into abutment against the wafer W during 
the rotation of the spin chuck 1. As a result, the wafer 
clamping positions can be changed during the rotation of 
the spin chuck 1 without stopping the rotation. If the 
control section 100 controls the motor 2 to continuously 

10 rotate the spin chuck 1 at a constant speed at this time, 
the wafer W is not relatively rotated with respect to the 
spin chuck 1. Therefore, the generation of particles can 
'be suppressed without sliding contact between the lower 
surface of the wafer W and the support portions 321. 

15 If it is desired to change the lower surface portions 

of the wafer W in contact with the support portions 321, 
the control section 100 controls the motor 2 to accelerate 
or decelerate the rotation of the spin chuck 1 so as to 
relatively rotate the wafer W with respect to the spin chuck 

20 1 during the switching between the first and second abutment 
portions 331 and 332. 

In the arrangements illustrated in Figs. 21 and 22, 
any of the bearing mechanisms, the rolling mechanisms, the 
magnetic levitation mechanisms and the pneumatic 

25 levitation mechanisms described above may be employed for 
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driving the clamping members Fl to F3, 300. 

In the embodiments described above, the first 
rotative movable member 81 and the second rotative movable 
member 82 each have a ring shape, but are not necessarily 
5 required to have the ring shape. Similarly, the first and 
second non-rotative movable members 68, 78 are not 
necessarily required to have the ring shape. 

In the first to third embodiments described above, 
the link mechanisms 31 to 33, 41 to 43 are operated in 
10 association with each other by the link ring 34, 44. 

However, the lift members 46 of the link mechanisms 31 to 
33 can be moved up and down in association with each other 
and the lift members 46 of the link mechanisms 41 to 43 
can be moved up and down in association with each other 
15 without the provision of the annular link rings 34, 44, 
as long as the first rotative movable member 81 and the 
second rotative movable member 82 each have the ring shape. 

In the first to seventh embodiments, the wafer W 
is first clamped by the clamping members Fl to F3, and then 
20 transferred to the clamping members SI to S3. 

Alternatively, the wafer W may first be clamped by the 
clamping members SI to S3, and then transferred to the 
clamping members Fl to F3 . 

During the transfer of the wafer W between the 
25 clamping members Fl to F3 and the clamping members SI to 
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S3, the control section 100 may control the motor 2 to 
continuously rotate the spin chuck 1 at a constant rotation 
speed and, as required, may control the motor 2 to change 
the rotation speed of the spin chuck 1. In either case, 
5 the wafer W is once clamped in the intermediate state for 
the transfer of the wafer W, so that the wafer W is not 
relatively rotated with respect to the spin chuck 1. 
Therefore, the generation of particles can be suppressed 
without sliding contact between the wafer W and any portion 
10 of the spin chuck 1. 

In the first to seventh embodiments, the first and 
second non-rotative movable members 68, 78 are moved up 
and down by the motors Ml, M2 and the ball thread mechanisms 
61, 62, but the up and down movements of the first and second 
15 non-rotative movable members 68, 78 may be achieved by 
employing any other driving mechanisms such as air 
cyl inders . 

In the second embodiment, the clamping members Fl 
to F3 of the first clamping member set each have the first 

20 and second abutment portions A, B, and the clamping members 
SI to S3 of the second clamping member set each have the 
third and fourth abutment portions C, D. Alternatively, 
only the clamping members Fl to F3 may each have two abutment 
portions A, B, and the clamping members SI to S3 may each 

25 have one abutment portion 96 as in the first embodiment. 
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In this case, the wafer clamping state is once switched 
from a first state where the wafer W is clamped by the three 
first abutment portions. A of the clamping members Fl to 
F3 to a first intermediate state where the wafer W is clamped 
5 by the three first abutment portions A of the clamping 
members Fl to F3 and the clamping members SI to S3, then 
to a second state where the waferWis clamped by the clamping 
members SI to S3 and undamped by the first abutment portions 
A, further to a second intermediate state where the wafer 

10 W is clamped by the three second abutment portions B of 
the clamping members Fl to F3 and the clamping members SI 
to S3, and to a third state where the wafer W is clamped 
by the second abutment portions B and undamped by the 
clamping members SI to S3 . Thus, the waferW clamping state 

15 by the clamping members Fl to F3 istransferred from clamping 
by the first abutment portions A to clamping by the second 
abutment portions B. 

Further, the clamping members Fl to F3 and/or the 
clamping members SI to S3 may each include three or more 

20 abutment portions which are selectively brought into 
abutment against the peripheral surface of the wafer W. 

In the first to ninth embodiments, the semiconductor 
wafer is employed as the substrate to be treated, but the 
present invention is applicable to any other round 

25 substrates such as optical disks, and rectangular 
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substrates such as glass substrates for liquid crystal 
display devices. 

Fig. 23 is a schematic sectional view for explaining 
the construction of a substrate treatment apparatus 
5 according to a tenth embodiment of the present invention. 
This substrate treatment apparatus includes a spin chuck 
401 for rotating a semiconductor wafer W as an example of 
a generally round substrate (hereinafter referred to simply 
as "wafer") about a vertical axis extending through the 

10 center thereof while horizontally holding the wafer W, and 
a shield plate 402 disposed above the spin chuck 401 and 
having a wafer opposed surface 402a to be located adjacent 
an upper surface of the wafer W held by the spin chuck 401. 
The shield plate 402 has a generally disk shape, and the 

15 wafer opposed surface 402a thereof has a round shape having 
a slightly smaller diameter than the wafer W. A vertical 
rotation shaft 403 is connected to an upper surface of the 
shield plate 402, and a torque from a shield plate rotative 
drive mechanism 404 is applied to the rotation shaft 403. 

20 A shield plate lift drive mechanism 405 is provided for 
moving up and down the shield plate 402 with respect to 
the spin chuck 401. 

The rotation shaft 403 has a hollow inside in which 
a treatment liquid supply pipe 406 is inserted. A distal 

25 end portion of the treatment liquid supply pipe 406 serves 
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as a treatment liquid supply nozzle 407 which extends 
through a through-hole formed in the center of the shield 
plate 402 to a position opposed to the center of the upper 
surface of the wafer W held by the spin chuck 401. A 
5 treatment liquid such as deionized water can be supplied 
to the treatment liquid supply pipe 406 via a treatment 
liquid supply valve 408. 

An inert gas supply passage 409 is defined between 
an interior surface of the rotation shaft 403 and the 
10 treatment liquid supply pipe 406 in the rotation shaft 403. 
An inert gas such as nitrogen gas can be supplied to the 
inert gas supply passage 409 via an inert gas supply valve 
410 . 

The spin chuck 401 includes a disk-shaped spin base 
15 411, a vertical hollow rotary shaft 412 connected to the 
center of a lower surface of the spin base 411, and a chuck 
rotative dr i ve mechani sm 4 1 3 for applying a rotative driving 
force to the rotary shaft 412. A treatment liquid supply 
pipe 415 is inserted through the rotary shaft 412. To this 
20 treatment liquid supply pipe 415, an etching liquid or 
deionized water can be supplied from an etching liquid 
supply source or a deionized water supply source via an 
etching liquid supply valve 416 or a deionized water supply 
valve 417, respectively. The treatment liquid supply pipe 
25 415 extends to an upper surface of the spin base 411, and 
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a distal end portion thereof serves as a treatment liquid 
supply nozzle 418 for supplying the etching liquid or 
deionized water toward the center of a lower surface of 
the wafer W held by the spin chuck 401. 
5 A plurality of support pins 419 for supporting a 

peripheral edge portion of the lower surface of the wafer 
W are provided circumf erent ially of the spin base 411 on 
the upper surface of the spin base 411 (for example, three 
support pins are equiangular ly provided) . A plurality of 

10 clamp pins (six clamp pins) 421 are provided on the spin 
base 411 for clamping the wafer W on the support pins 419 
in abutment against a peripheral surface of the wafer W. 
In this embodiment, the clamp pins 421 are arranged 
equiangularly circumf erentially of the spin base 411. 

15 Movement converting mechanisms 420 are provided in 

association with the respective clamp pins 421 for causing 
the clamp pins 421 to clamp and unclamp the wafer W. More 
specifically, the movement converting mechanisms 420 each 
include a rocking lever 424 connected to the clamp pin 421 

20 at one end thereof, and a roll 425 as a cam follower rotatably 
attached to the other end of the rocking lever 424. The 
rocking lever 424 is coupled to a bracket 422 fixed to the 
lower surface of the spin base 411 pivotally about a support 
shaft 423. The support shaft 423 extends horizontally and 

2 5 perpendicularly to a radius of the spin base 411 . Therefore, 
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the rocking lever 424 is pivotal within a vertical plane 
containing the radius of the spin base 411. 

A compression coil spring 426 as a biasing mechanism 
for biasing the clamp pin 421 into a wafer clamping state 
5 is provided as extending from the lower surface of the spin 
base 411 to a portion of the rocking lever 424 between the 
support shaft 423 and the roll 425. That is, the 
compression coil spring 426 biases the rocking lever 424 
downward at a position radially inward of the spin base 

10 411. Thus, a portion of the rocking lever 424 radially 
outward from the support shaft 423 is moved upward, whereby 
the clamp pin 421 is biased radially inwardly. 

The roll 425 is provided at the end of the rocking 
lever 424 rotatably about an axis of the rocking. 1 ever 424. 

15 A cam member 430 is provided below the roll 425 around the 
rotary shaft 412. The cam member 430 has a cam surface 
431 formed on an upper surface thereof opposed to the roll 
425 as having a shape surrounding the rotary shaft 412. 
More specifically, the cam member 430 includes a cylindrical 

20 body 432 provided rotatably about the rotary shaft 412 with 
the rotary shaft 412 inserted therethrough, and a flange 
433 projecting radially outwardly from an upper edge of 
the body 432. The cam surface 431 is formed on the upper 
surface of the flange 433. 

25 The cylindrical body 432 is coupled to a bracket 
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437 via a pair of bearings 435, 436 fitted around the body 
432 as spaced longitudinally of the rotary shaft 412. A 
motor 438 as a cam member rotative drive mechanism for 
generating a driving force for driving the cam member 430 

5 rotatively about the rotary shaft 412 is attached to the 
bracket 437. The torque of the cam member rotation motor 

438 is transmitted to a pulley 441 coupled to a lower end 
portion of the cylindrical body 432 via a motor pulley 439 
and a timing belt 440. 

10 On the other hand, a cam member lift drive mechanism 

443, for example, including a multi-step air cylinder and 
a ball thread mechanism is coupled to the bracket 437. The 
cam member 430 can be moved up and down along the rotary 
shaft 412 by operating the cam member lift drive mechanism 

15 443 to move up and down the bracket 437. 

Fig. 24(A) is a plan view for explaining the 
configuration of the cam surface 431, and Fig. 24(B) is 
a sectional view taken along a section line A-A extending 
circumf erentially of the cam surface 431. A plurality of 

20 projections 445 (three projections 445 hatched in Figs. 
24(A) and 24(B) in this embodiment) are provided in 
circumf erentially (equidistantly) spaced relation on the 
cam surface 431 asprojecting upward (parallel to the rotary 
shaft) . Troughs 446 defined between adj a cent pro j ect ions 

25 445 and 445 each have a planar surface. 
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In this embodiment, the planar surfaces of the 
troughs 446 each have an angular span of greater than 60 
degrees and, as a result, the projections 445 each have 
an angular span of smaller than 6 0 degrees . The proj ections 
5 445 each have a chevron shape having upward and downward 
gentle slopes extending circumf erent ially, and apexes of 
the three projections 445 are equiangular ly spaced (i.e., 
at an angular interval of 120 degrees) on the cam surface 
431 . 

10 Where the six clamp pins 421-1 to 421-6 are located 

in a positional relationship with respect to the cam surface 
431 as shown in Fig. 24(A) when the cam surface 431 is 
positioned at a proper height, the rolls 425 (see Fig. 23) 
of the movement converting mechanisms 420 for the clamp 

15 pins 421-1, 421-3, 421-5 are moved upward along the rotary 
shaft 412. As a result, the clamp pins 4 2 1 - 1 , 421-3, 421-5 
are retracted from the peripheral surface of the wafer W 
thereby to unclamp the wafer W. On the other hand, the 
rolls 425 of the movement converting mechanisms 420 for 

20 the clamp pins 421-2, 421-4, 421-6 located in association 
with the troughs 446 receive no upward thrust force from 
the camsurface 431 . Therefore, the clamp pins 4 2 1 -2 , 421-4, 
421-6 are kept in abutment against the peripheral surface 
of the wafer W by the biasing forces of the compression 

25 coil springs 426 thereby to clamp the wafer W. 
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When the cam member 430 is rotated relative to the 
spin chuck 401 about the rotary shaft 412 in this state, 
the positional relationship between the clamp pins 421-1 
to 421-6 and the projections 445 is changed. As a result, 
5 a wafer clamping state is switched alternately between a 
first clamping state where the wafer W is clamped by one 
set of three clamp pins 421-1, 421-3, 421-5 and a second 
clamping state where the wafer W is clamped by the other 
set of three clamp pins 421-2, 421-4, 421-6. Since the 

10 planar surfaces of the troughs 446 each have an angular 
span of greater than 60 degrees as described above, there 
is an intermediate clamping state where the wafer W is 
clamped by all the clamp pins 421-1 to 421-6 when the wafer 
clamping state is switched be tween the first clamping state 

15 and the second clamping state. 

The height of the cam surface 431 can be changed 
by operating the cam member lift drive mechanism 4 43 . Where 
the cam surface 431 is located at a sufficiently low level 
(at an all-closing position), the projections 445 of the 

20 cam surface 431 are brought into contact with none of the 
rolls 425of the movement converting mechanisms 42 0 . Thus, 
all the clamp pins 421-1 to 421-6 are kept in the wafer 
clamping state ( closed state ) . Therefore, the clamp pins 
421-1 to 421-6 constantly clamp the wafer W in a first 

25 inactive mode, irrespective of the relative rotation of 
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the cam member 430 with respect to the spin chuck 401. 

Where the cam surface 431 is located at an 
intermediate height (at an opening/closing position) such 
that the rolls 425 are lifted on the projections 445 and 
5 not lifted on the troughs 446, the clamp pins 421-1 to 421-6 
are opened and closed in association with the relative 
rotation of the cam member 430 with respect to the spin 
chuck 401, i.e., in association with the rotation of the 
spin chuck 401, in an active mode. 

10 Further, where the cam surface 431 is located at 

a sufficiently high level ( at an all-opening position) such 
that the rolls 425 are lifted on both the projections 445 
and the troughs 446, all the clamp pins 421-1 to 421-6 are 
retracted from the peripheral surface of the wafer W in 

15 a unclamping state ( opened state ) in a second inactive mode, 
irrespective of the relative rotation of the cam member 
430 with respect to the spin chuck 401. 

The operations of the chuck rotative drive mechanism 
413, the cam member rotation motor 438 , the cam member 1 i ft 

20 drive mechanism 443, the shield plate rotative drive 
mechanism 404 and the shield plate lift drive mechanism 
405 are controlled by a control section 450. Further, the 
opening and closing of the treatment liquid supply valve 
408 , the inert gas supply valve 410, the etching liquid 

25 supply valve 416 and the deionized water supply valve 417 
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are controlled by the control section 450. 

When an un treated wafer W is to be loaded, the control 
section 450 controls the shield plate lift drive mechanism 
405 to retract the shield plate 402 upward above the spin 
5 chuck 401. The control section 450 controls the cammember 
lift drive mechanism 443 to lift the cammember 430 to the 
all-opening position, whereby the operation mode is 
switched to the second inactive mode in which all the clamp 
pins 421-1 to 421-6 are kept in the wafer unclamping state. 
10 In this state, the untreated waferW isplacedon the support 
pins 419 on the spin base 411 by a transport robot (not 
shown) . At this time, a device formation surface (active 
surface) of the waferW faces upward as opposed to the shield 
plate 402. 

15 Next, the control section 450 controls the cammember 

lift drive mechanism 443 to lower the cam member 430 to 
the all-closing position, whereby the operation mode is 
switched to the first inactive mode . Therefore, the wafer 
W is stably clamped by all the clamp pins 421. Further, 

20 the control section 450 controls the shield plate lift drive 
mechanism 405 to lower the shield plate 402 toward the spin 
chuck 4 01, whereby the wafer opposed surface 402a is located 
in the vicinity of the upper surface of the wafer W. 

In this state, the control section 450 controls the 

25 shield plate rotative drive mechanism 404 and the chuck 
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rotative drive mechanism 413 to synchronously rotate the 
spin chuck 401 and the shield plate 402, for example, in 
the same direction at substantially the same rotation speed. 
At the same time, the control section 450 opens the inert 
5 gas supply valve 410 to supply the inert gas to the upper 
surface of the wafer W. The control section 450 opens the 
etching liquid supply valve 416 to supply the etching liquid 
from the treatment liquid supply nozzle 418 toward the 
center of the lower surface of the wafer W. 

10 The control section 450 controls the cam member 

rotation motor 438 to rotate the cam member 430 for relative 
rotation of the cam member 430 with respect to the spin 
chuck 401 at a predetermined speed. For example, it is 
preferred that the cam member 430 and the spin chuck 401 

15 are rotated in the same direction and a difference in 
rotation speed between the spin chuck 4 01 and the cam member 
430 is 10 rpm to 300 rpm (more preferably about 60 rpm) . 

After the spin chuck 401 is accelerated to a 
predetermined rotation speed to be rotated at the constant 

20 rotation speed, the control section 450 controls the cam 
member lift drive mechanism 443 to lift the cam member 430 
to the opening/closing position at the intermediate height . 
At the opening/ closing position, the rolls 425 are lifted 
on the projections 445 of the cam surface 4 31 , but not lifted 

25 on the troughs 44 6 . Thus, the three clamp pins 421-1, 421-3, 
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421-5 arranged at an angular interval of 120 degrees are 
synchronously opened and closed, while the other three clamp 
pins 421-2, 421-4, 421-6 arranged at an angular interval 
of 120 degrees are synchronously opened and closed. The 
5 set of the three clamp pins 421-1, 421-3, 421-5 and the 
set of the three clamp pins 421-2, 421-4,-421-6 are opened 
and closed in alternately staggered timing relation. Thus, 
the wafer clamping positions can be changed, while the wafer 
W is constantly clamped by either or both of the sets of 

10 the clamp pins 421. 

The etching liquid supplied to the center of the 
lower surface ofthewaferW from the treatment liquid supply 
nozzle 418 flows over the lower surface of the wafer W 
radially outwardly of the wafer W by a centrifugal force, 

15 and then flows over the peripheral surface of the wafer 
W to reach the peripheral edge portion of the upper surface 
of the wafer W. Thus, a so-called bevel etching process 
or bevel cleaning process can be performed by etching away 
an unnecessary substance from the peripheral surface of 

20 the wafer W and the peripheral edge portion of the upper 
surface of the wafer W. During the bevel etching process 
or the bevel cleaning process, the clamp pins 421 are opened 
and closed to change the wafer clamping positions. 
Therefore, the peripheral surface of the wafer W and the 

25 peripheral edge portion of the upper surface of the wafer 
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W can entirely and properly be subjected to the etching 
process . 

The amount of the etching liquid flowing onto the 
upper surface of the wafer W is controlled by controlling 
5 the rotation speed of the spin chuck 401, the distance 
between the shield plate 402 and the upper surface of the 
wafer W and the flow rate of the inert gas supplied to the 
upper surface of the wafer W. 

Upon completion of the bevel etching process, the 

10 control section 450 closes the etching liquid supply valve 
416, and opens the dei on i zed water supply valve 417 . Thus, 
deionizedwateris supplied from the treatment liquid supply 
nozzle 418 toward the center of the lower surface of the 
wafer W, whereby a deionized water rinse process is 

15 performed for rinsing off the etching liquid from the 
surface of the wafer W. At this time, the treatment liquid 
supply valve 408 is opened under the control of the control 
section 450 to supply deionized water to the upper surface 
of the wafer W as required. 

20 During the deionized water rinse process, the set 

of the clamp pins 421-1, 421-3, 421-5 and the set of the 
clamp pins 421-2, 421-4 , 421-6 are opened and closed in 
alternately staggered timing relation, so that the entire 
surface of the wafer W can properly be rinsed. 

25 Upon completion of the rinse process, the control 
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section 450 closes the deionized water supply valve 417 
and, if the treatment liquid supply valve 408 is opened, 
closes the valve 408. Thereafter, the control section 450 
controls the cam member lift drive mechanism 443 to move 
5 the cam member 430 down to the all-closing position, and 
then stops the motor 438. Thus, all the clamp pins 421 
are brought into the wafer clamping state. In this state, 
the control section 450 controls the chuck rotative drive 
mechanism 413 and the shield plate rotative drive mechanism 

10 404 to accelerate the rotation of the spin chuck 401 and 
the shield plate 402 so as to rotate the wafer W at a high 
speed. Thus, a drying process is performed by spinning 
off water from the surface of the wafer W by a centrifugal 
force. During the drying process, the wafer W is stably 

15 clamped by all the clamp pins 421-1 to 421-6. 

After the spin chuck 401 is rotated at a high speed 
for a predetermined period to complete the drying process, 
the control section 450 controls the shield plate rotative 
drive mechanism 404 and the chuck rotative drive mechanism 

20 413 to stop the rotation of the spin chuck 401 and the shield 
plate 402. Further, the control section 450 controls the 
shield plate lift drive mechanism 405 to lift the shield 
plate 402 upward to the retracted position above the spin 
chuck 401. Further, the control section 450 controls the 

25 cam member lift drive mechanism 443 to lift the cam member 
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430 to the all-opening position. Thus, all the clamp pins 
421 are brought into the wafer unclamping state. In this 
state, the treated wafer W is unloaded from the support 
pins 419 by the transport robot. 
5 In this embodiment, the clamp pins 421 can thus be 

opened and closed in association with the rotation of the 
spin chuck 401 simply by rocking the rocking levers 424 
by means of the cam mechanism. The set of the three clamp 
pins 421-1, 421-3, 421-5 and the set of the three clamp 

10 pins 421-2, 421-4, 421-6 clamp the wafer W in alternately 
staggered timing relation, so that the entire peripheral 
surface and peripheral edge portion of the wafer W can 
properly be treated without the relative rotation of the 
wafer W with respect to the spin chuck 401. Therefore, 

15 the abrasion of the clamp pins 421 can be suppressed. 

In addition, the wafer W is clamped by all the clamp 
pins 421-1 to 421-6 in the intermediate clamping state when 
the wafer clamping state is switched between the first 
clamping state with the wafer W clamped by the three clamp 

20 pins 421-1, 421-3, 421-5 and the second clamping state with 
the wafer W clamped by the three clamp pins 421-2, 421-4, 
421-6. Therefore, the wafer W is constantly stably held 
by all or some of the clamp pins 421. This eliminates an 
unstable wafer holding period. Accordingly, there is no 

25 possibility that the wafer W is spun out of the spin chuck 
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401. Further, the shield plate 402 can assuredly be spaced 
a minute distance from the wafer W, whereby the amount of 
the etching liquid flowing onto the upper surface of the 
wafer W can strictlybe controlled. This makes it possible 
5 to precisely treat the peripheral edge portion of the wafer 
W. 

In this embodiment, the cam member 430 is rotatable 
about the rotary shaft 412, and the rotation speed of the 
cam member 430 can be controlled independently of the 

10 rotation speed of the spin chuck 401. Therefore, a clamp 
pin opening and closing interval can properly be set. As 
required, the clamp pin opening and closing interval may 
be varied during the treatment of the wafer W. 

By moving up and down the cam member 430, the 

15 operation mode can be switched among the first inactive 
mode where the clamp pins 421 are kept in the wafer clamping 
state, the second inactive mode where the clamp pins 421 
are kept in the wafer unclamping state, and the active mode 
where the clamp pins 421 are alternately switched between 

20 the wafer clamping state and the wafer unclamping state. 
Thus, the operation mode of the clamp pins 421 canbe switched 
with the simple construction. 

Although the three projections 445 are provided in 
circumf erentially spaced relation on the cam surface 431 

25 in the embodiment described above, four projections 445 
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may be provided on the cam surface 431 as shown in Fig. 
25(A) . Alternatively, six pro j ect ions 4 4 5 may be provided 
in circumf erent ially spaced relation on the cam surface 
431 as shown in Fig. 25(B), or two projections 445 may be 
5 provided in opposed relation about the rotation center as 
shown in Fig. 25(C) . With any of these arrangements, the 
plurality of clamp pins can be switched between the wafer 
clamping state and the wafer unclamping state. 

With the arrangement shown inFig. 25(C), for example, 
10 the six clamp pins 421-1 to 421-6 are sequentially brought 
into the wafer unclamping state with each opposed pair of 
clamp pins about the rotary shaft being opened and with 
the other four clamp pins being closed to clamp the wafer 
W . 

15 With the arrangement shown in Fig. 25(B), the six 

clamp pins 421-1 to 421-6 are simultaneously opened or 
closed. Where it is desired to relatively rotate the wafer 
W on the spin chuck 401, this arrangement is preferably 
employed. That is, if the abrasion of the clamp pins 421 

20 is not a serious problem, the rotational position of the 
wafer W relative to the spin chuck 401 may be changed by 
accelerating or decelerating the rotation of the spin chuck 
401 with all the clamp pins 421 being opened when the 
treatment is performed by supplying the treatment liquid 

25 such as the etching liquid to the wafer W. 
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In general, however, the configuration and 
arrangement of the projections 445 on the cam surface 431 
are preferably determined so as to prevent each adjacent 
pair of clamp pins 421 from being simultaneously brought 
5 into the unclamping state when the earn member 430 is located 
at the opening/closing position. Thus, the relative 
rotation of the wafer W with respect to the spin chuck 401 
can be suppressed. 

In the embodiment described above, the wafer W is 

10 clamped by the six clamp pins 421 disposed circumf erentially 
of the wafer in equiangul ar ly spaced relation. However, 
any number of clamp pins may be employed as long as the 
wafer W can properly be held. 

Further, the clamping members for clamping the wafer 

15 W are not necessarily required to have a pin shape, but 
arcuate clamping members 421A, 421B, 421C, 421D, or 421a, 
421b, 421c may be employed which are each brought into line 
contact with the peripheral surface of the wafer W over 
a predetermined angular span as shown in Fig . 26(A) or 26(B) . 

20 With the arrangement shown in Fig. 26 (A) , for example, 

the four arcuate clamping members 421A, 421B, 421C, 421D 
are disposed in equiangularly spaced relation, and are each 
brought into line contact with the peripheral surface of 
the wafer W over an angular span of about 90 degrees, whereby 

25 the wafer W can be clamped by either of the two pairs of 
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clamping members 421A, 421C; 421B, 421D disposed in opposed 
relation about the rotation center. Even if the two pairs 
of clamping members 421A, 421C; 421B, 42 ID are alternately 
opened and closed during the treatment with the etching 
5 liquid or the like, the wafer W can stably be held by either 
of the two pairs of clamping members 421A, 421C; 421B, 421D. 

With the arrangement shown in Fig. 26 (B) , the three 
arcuate clamping members 421a, 421b, 421c are disposed in 
equiangular ly spaced relation, and are each brought into 

10 line contact with the peripheral surface of the wafer W 
over an angular span of about 120 degrees. These clamping 
members 421a, 421b, 421c are circularly opened and closed 
one by one, whereby the wafer W can stably be held over 
an angular span of about 240 degrees (i.e., over an angular 

15 span of greater than 180 degrees) for properly treating 
the peripheral edge portion of the wafer W. 

In the embodiment described above, the substrate 
treatment apparatus is adapted to perform the bevel etching 
process or the bevel cleaning process while holding the 

20 peripheral surface of the wafer W. However, the inventive 
substrate treatment apparatus may be embodied as a substrate 
treatment apparatus which is adapted to perform a treatment 
process by supplying the treatment liquid such as the 
etching liquid over the entire surface of the substrate 

25 in addition to the bevel etching process or the bevel 
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cleaning process. 

In the embodiment described above, the cam member 
430 is disposed rotatably about the rotary shaft 412, but 
the cam member 430 maybe disposed in a non-rotatable manner 
5 about the rotary shaft 412. In this case, the clamp pin 
opening and closing interval depends on the rotation speed 
of the spin chuck 401 alone. 

In the embodiment described above, the wafer W is 
employed as the substrate tobe treatedby way of an example . 

10 However, the present invention is applicable to substrate 
treatment apparatuses for treating any other types of round 
substrates such as for optical disks and magnetic disks 
and substrate treatment apparatuses for treating 
rectangular substrates such as glass substrates for liquid 

15 crystal display devices. 

While the present invention has been described in 
detail by way of the embodiments thereof, it should be 
understood that the foregoing disclosure is merely 
illustrative of the technical principles of the present 

20 invention but not limitative of the same. The spirit and 
scope of the present invention are to be limited only by 
the appended claims. 

This application corresponds to Japanese Patent 
Applications No . 2 0 02 - 2 1 8 7 2 3 and No . 2002-218724 filedwith 

25 the Japanese Patent Of f ice on July 26, 2002, No. 2002-281628 
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filed with the Japanese Patent Office on September 2 6, 2 0 02, 
and No. 2003-83695 and No. 2003-83696 filed with the 
Japanese Patent Office on March 25, 2003, the disclosure 
of which is incorporated herein by reference. 



